A manual of zoology for 
the use of students 

Henry Alleyne Nicholson 



•-. THE LIBRARY 
- • OF - 
■ THE UNIVERSITY 

OF CALIFORNIA 



PRESENTED BY • 
PROF. CHARLES A. KOFOID AKD 
MRS. PRUDENCE W. KOFOID 



Digitized by Google 



MANUAL OF ZOOLOGY 



Digrtized by Google 



Digitized by Google 



A 



MANUAL OF ZOOLOGY 

FOR THE USE OF STUDENTS. 

VITB A 



BY 

HENRY ALLEYNE NICHOLSON, 

II.B., DAx. XJL, PB.a |oon.K PiUBh r.a& 
ucvuBKE ow sATcnux. msioRT nr tbb msdioai. flOBOoii or wmmamamz 

YICE-PRrSIDEKT OF THE OKOLOOICAL SOCIETY OF BDINBUBOH, KTC 
AirrHOR OF 'advanced TFXT-BOOK or ZOOLOGY FOR THE USE OF SCBOOU ; * 
'essay on the OEOLOOY of CUMBER1.AMO AND WEi>TJ<OK£LAin>i' 

* osATTourn or tbk asnwAw mun/ na no. 



Foi. IL — VjBJtTBBRATS AnIMALS. 



IVILLIAM BLACKWOOD AND SONS, 

FDINBUBGH AND LONDON. 
MDCCOLXX. 



Th» Right o/ TroaUUMM it retcrveJ. 



Digitized by Goo^It 



Digrtized by Google 



CONTENTS. 



PART TT — ■U-RBTF.HBATlii ATaTTVTAT.H 

CHAPTER LI 1 1. 

PAGE 

General characters of the Vertebrata — Osseous system — Digestive syS ' 
' tern — Blood — Circulation — Respiration — Nervous systenT—- 

Organs of sense — Reproduction — Divisions, , . . 323-339 

CHAPTER TJV. 

General characters of Fishes— Integumentaiy system — Osseous system 
"--Jb'ins — Respiration — Circulation — Digestive system — Swim- 
Sladder — Nervous system — Olfactory organs — Reproduction, 34Q-352 

C HAPT ER L V. 
Pharyngobranchii — Matsipobranchii, 353-357 

CHAPTER LVT. 

Teleostei — Sub-orders — Malacopteri — Anacanthini — Acanthopteri — 

Plectognathi — Lophobranchii, . . . . . . 357-364 

CHAPTER LVII. 
Ganoidei — Sub-orders — Lepidoganoidei — Placoganoidei, . . 364-369 

CHAPTER LVIIL 

Elasmobranchii and Dipnoi — Sub-orders of Elasmobranchii — Holo- 
cephali — Plagiostomi — Dipnoi, 370-377 

CHAPTER TJy. 
Distribution of Fishes in time, 377-38o 

CHAPTER LX. 
General characters of the Amphibia, 381-38.^ 



IV CONTENTS. 



CHAPTER LXI. 

Orders of Amphibia — Ophiomorpha — Urodela — Anoura — Develop- 
ment ol Frog— -Families of Anoura — Labyrinthodontia — Distribu - 
tion of Amphibia in time, . . . . . . . 384-392 

CHAPTER LXI I. 

General characters of Reptilia — Endoskeleton— Exoslceleton — Diges« 

Uve system — Circulatory system — Respiratory system, , ^ . 393-397 

CHAPTER LXIII. 

Divisions of Reptilia — Chelonia — General characters of Chelonian 
Reptiles — Distribution of Chelonia in time— -Ophidia— General 
characters of Snakes — Sub-orders — Distribution of Ophidia in 
time, . . . > . 397-407 

CHAPTER LXIV. 

T^rprtili a — Families of Lacertilia — Distribution of I>acertilia in time — 

Crncodilia — Sub-orders of Crocodilia — Distribution of Croco- 
dilia in time 408-41? 

CHAPTER LXV. 

Extinct orders of Reptiles— Ichthyopterygia — Sauropterygia — Ano- 

modontia — Pterosavuia — Dinosauria, . . . . . 416-422 

CHAPTER LXVI. 

General characters of the class Aves — Feathers—Vertebral column — 
Skull— Pectoral arch and fore-limb — Pelvic arch and hind-limb 
— Digestive system — Respiratory system-— Circulatory system — 
Reproductive organs — Nervous system and organs of Sense, . 423-441 

CHAPTER LXVII. 

General divisions of the class Aves — Characters and families of the 

order Natatorcs — Characters and families of GraUatores, . 441-450 

CHAPTER LXVIIL 

Characters of Cursores — Characters and sections of Rasores — Galli- 

nacei — Columbacei, , . 451-456 

CHAPTER LXIX. 

Characters and families of Scansores — Characters of Insessores — Coni- 

rostres — Dentirostrcs — Tcnuirostres — Fissirostres, . , 457*463 

CHAPTER LXX. 
Characters and sections of Raptores — Characters of Saunirae, . 464-467 

CHAPTER LXXI. 
Distribution of Aves in time, 467-470 



d by Google 



CONTENTS. V 



CHAPTER LXXII. 

General characters of the Mammalia— Skeleton— Pectoral arch and 
forf-limi) — Pelvic arrh nntl hind-limh — Tenth — Dt'ntal formula — 
Digestive system — Circulatory system — Respiratory system — Ke* 
productive system — Mammary glands — Nervous system — Integu- 
mentary appendages, i . ~. ~. . ~. . 47 1 -485 

CHAPTER LXXITL 

Classifications of the Mammalia — Synopsis of the Mammalian 

orders, . . . . . , . , . . 484-488 

CHAPTER LXXIV. 

Character?; of Mop otTp.mata — Characters and divisions of Marsu- 
pialia, 4^-497 

CHAPTER LXXV. 
Characters and families of Edentata, 498-^02 

CHAPTER LXXVI. 
Characters of Sirenia — Characters and families of Cetacea, . . ^02-^1 1 

CHAPTER LXXVTL 

General characters of Ungulata — Perissodactyla— Artiodactyla— Ru- 
minantia — Structure of the stomach in Ruminant s — Dentition of 
Rmninxints — Sections of Ruminants, 5ii«526 

CHAPTER LXXVTIT. 
Characters of Hyracoidea — Characters of Proboscidea, . . 526'530 

CHAPTER LXXIX. 
Characters of Camivora — Pinni^p-ada — Plantigrada — Digitlgrada, 530-541 

CHAPTER T.XXX. 
Characters of Rodentia — Families of Rodentia, . ♦ . « 541-546 

CHAPTER EXXXr. 
Characters of Cheiroptera — Sections of Cheiroptera, . . . 546-549 

CHAPTER LXXXII. 

Characters of Insectivora — Families of Insectivora — Galeopithe- 
cidae, 549*551 

CHAPTER T.XXXTTT. 

Characters of Quadnimana— Sections of Quadmmana — Strcpsirhina — 

Flatyrhina— Catarbina, . 552-558 



vi 



CONTENTS. 



CHAPTER LXXXIV. 

Characters of Bimana, 558-559 

CHAPTER LXXXV. 

Distribution of Mammalia in time — Geographical succession of or- 
ganic forms — Tabular view of the chief sub-divisions of the Ver- 
tebrata, 559-571 

Glossary, 572-602 

Index, 603- 622 



d by Google 



LIST OF ILLUSTRATIONS. 



FIG. 

lis. 

Ii6. 
117. 

118. 
119. 

Ida 

121. 

122, 

125. 

124. 
125. 

126. 
127. 

128. 

13a 

131. 

132. 
133- 
134. 

136. 
137. 
138. 

139. 

140. 

141. 
142. 
143. 



331 

332 

333 

334 

335 
340 



PACB 

Transverse Sections of the 
. 1x)dy of an iiiTertebnte 

and a vertebrate animal, 324 
Embryology ofV ertebrata, 325 
Lumbar Vertebra of Whale, 

and diagnnn of thoracic 
vertebra, .... 328 
Skeleton of the Beaver, 329 
Pectoral Limb of Chim- 

panzc C i • • • • • 
Pelvic Limb of Chimpan< 

zee, 

Diagram of the digestive 

sjrslem of a Mammal, . 
Blood-corpuscles of Ver- 

tebrata^ ..... 
Diagram of the Ciicula- 

tion of a Mammal, « . 
Scales of Fishes, . • • 
Skeleton of the Common 

Perch, 341 

Skull of the Cod, ... 343 
Of hyoides and branchial 

arches of the Perch, . 345 
Pectoral Limbs of Fishes, 346 
Outline of JWcagranu- 

iate. liS 

Homocercal and hetero- 

cercal Tails, .... 349 
Diagram of the Circula- 
tion of a Fish, . • . 350 
Diagram of the Lanodet, 354 
Lamprey, ..... 355 
Heart of Teleostean and 

Ganoid Fishes, . * 
Gymnotus electricus^ . 
Rhombus punctatuSy . 
Ostracion comutus, . 
Polypterus and OstadeptSf 367 
Cephalaspis Lydlu, . , 369 
Coccosteus and Pterichthys^ 369 
Head of Piked Dog-fish, 3 7 1 
Carcharuu Kui, Chmara^ 372 
Rata mar^$tatat , . . 374 
L^idaHrm annecienst . 376 



359 
360 

362 
364 



FIG. 
145. 

146. 
147. 
148. 

149. 
150. 

'51. 
152. 

153. 
154. 

156. 
158. 



159- 
160. 
161. 
162. 

163. 
164. 

165. 
166. 
167. 

16& 

169. 
17a 
171. 

172. 
173. 

174. 



17s- 



PAGI 

Spines and Teeth of Pa- 

uemoic ElasmobmHehti, 379 
Hyla UutotmnOy , . . 382 
ProUus anguinus, . . 385 

Axolotl, 386 

TVitm criUatuSf . . . 387 
Skeleton of the Frog, . 388 
Development of the Frog, 389 
Footprints of a Laiyrin- 

thodont^ 391 

Skull of a Serpent, . • 395 
Diagram of the circidatlon 

in Reptiles, .... 396 
Skeleton of Tortoise, . 399 
Hawk's-bill Turtle, . . 400 
Eye of Serpent and Head 

of Viper, 403 

Head of Ringed Snake, 

of Viper> and of Blind* 

worm, 407 

Iguana, 408 

Blind-worm, .... 410 
Head of Chameleon, . 412 
Skull of CfpeoiUm 

porcatus, 414 

Ichthyosaurus commumSt 417 
Htsmamms deUehoddrus^ 418 
Pterodactylus brevirtuMs^ 419 
Quill-feather, .... 425 
Skull of Spur - winged 

Goose, 428 

Pectoral Arch and Fore* 

limb of Penguin, , . 429 
Fore-limb ofTer-falcon, . 430 
Hindolimb of I/x>n, . . 432 
Digestive System of the 

Common Fowl, , . , 434 
Lung of Goose, ... 436 
Foot of Cormoruit and 

Beak of Goosef . . . 444 
Leg of Curlew, Head of 

Snipe, and Beak of 

Avocet, 448 

Foot of Ostrich, and 

Breast'bone of Emeu, ..451 



Digitized by Google 



viii LIST OF ILLUSTRATIONS. 



176. Foot of Fowl, and Head 

of Guinea-fowl, . . . 454 

177. Footof Woodpecker, and 

Head of Love-bii J, . . 458 

178. Feet and Heads oilnses- 

sores, 459 

1 79. Head of Bullfinch, . .461 
loQ, Foot of Peregrine Faloon, 

ami Head of Buzzard, .. 464 
181. Foot of Tawny Owl, and 

Head of White Owl, . 465 
183. Head of Vulture, . . . 466 

183. Archuoptoyx mactnira^ . 467 

184. Fore- limbs of Horse and 

Deer, 476 

185. Teeth of Chimpamee, . 480 

186. Omithorhynemf$ pam^ 

doxits 490 

187. Pelvis of Kangaroo, . . 492 

188. Dentition of Thylacinus 

and Jffypsiptymnm, , 494 
189* Myrmecohius fascia fits, . 497 
19a Hand of three-toed bloth, 499 
X91. Chlamyphoruiirunfatm^ 500 

192. Dugong, 503 

193. Skull of Right Whale, . 505 

194. Diagram of Baleen-plates 

of a Whale, . • . . 507 

195. Pkyseter piacrocephalm, , 509 

196. Delpkinus delphis^ . . 51Q 

197. Feet of Ungulata^ . • . 512 



198. Head of Two •homed 

Rhinoceros, . . . .514 

199. Stomach of a Sheep, . . 519 
20a Skull of hornless Sheep, 520 

201. Skull of the Indian Ele- 

phant, 528 

202. Skull of Deinotkerium, . 530 

203. Feet of Cartth'ora^ . » 531 

204. Phoca grcenlandica, , , 532 

205. Skull of the Walrus, . 533 

206. Skull of Jackal, . i . 539 

207. Skull of Lion, .... 540 

208. Skull of Beaver, . , , 542 

200. Skeleton of P'ox-bat, . . 547 
2LU. Head of Vanipire-bat and 

Fc»x*bat, 548 

211. Skull of Hedgehog, . . 550 

212. Skulls of Orang and Eu- 

ropean adult, .... 557 

213. JaifT of ZhvMatJM$m, . 561 

214. Jaws of Phascolotherium, 

Triconodon, Aviphitlie- 
rium, and Pla^iaulax^ . 561 

215. Skull o<^/^r»Mm, . \ 563 

216. Skeleton of Megathmunt^ 563 

217. Glyptodon davipes^ . . 564 
^18. Skeleton of Megtueros Hi- 

iitnicuSf • •• • • • 

219. Skeleton of ilfaj/(CJ</<?«, . 567 
22a Skeleton of Mammothi . 567 



• 



Digitized by Google 



PART II. 



VERTEBRATE ANIMALS 



Digitized by Google 



VERTEBRATE ANIMALS. 



CHAPTER LIIL 

General Characters and Divisions op the 

Vertebrata. 

The five sub-kingdoms which we have previously considered — 
viz., the Protozoa^ Calenierafa^ Annuloida, Annulosa, and Mol- 
lusca — were grouped together by the French naturalist Lamarck 
to form one great division, which lie termed Inveriebrata, the 
remainmg members of the animal kingdom constituting the 
division Vertebrata. The division Vericbrata, though includ- 
ing only a single sub-kingdom, is so compact and well-marked 
a division, and its distinctive characters are so numerous and 
so important, that this mode of looking at the animal kingdom 
isy at any rate, a veiy convenient one^ 

The sttb-kingdom VerUbrata may be shortly defined as com- 
prising ammals in which the My is comfasii of a number of 
d^lnite s^menh^ arrof^ed along a Imigiiudnud axis; the nervous 
system in its mam masses dorsal^ and the neural andhmmal 
r^ions of the body are ahvays completeiy shut off from one tm- 
other by a fartiiion; the Umbs are neuer more than four in 
number ^ and are always turned away from the neural aspect of 
the body; mostly there is the bony axis known as the " spine** or 
*• vertebral column^* and in all the structure kno7vn as the " nolo- 
chord** is present — in the embryo^ at any rate. These charac- 
ters distinguish the Vertebrata^ as a whole, from the Invtrte- 
brata; but it is necessary to define these broad differences 
more minutely^ and to consider others which are of little less 
importance. 

One of the most obvious, as it is one of the most funda- 
mental, of the distinctive characters of Vertebrates is to be 
found in the shutting off of the main masses of the nervous 
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system from the general cavity of the body. In all Inverte- 
brate animals, without exception, the body (fig. 115, A) may 
be regarded as a single tube, enclosing all the viscera ; and 
consequently, in this case, the nervous system is contained 
^vithin the general cavity of the body, and is not in any way 
shut off from the alimentary canal. The transverse section, 




Fie. 115.— A, Tran verse section of the body of one of the higher InveriehraUi i a 
Body-wall ; b Alimentary canal ; c Hcmal •sratem ; n Nervous system. B, IVuifl- 
verse section of the body of a VertebraU animal : a Body-wall ; b Alimentaiy 
canal ; c Hxmal system ; n Sympathetic system of nerves ; is' Ceret>ro-^inal systen 
of norm s th Notochoid. 

however, of a ^V/^^r^/<f animal exhibits tivo tubes (fig. 115, B) 
one of which contains the great masses of the nervous system 
— ^that is, the " cerebro-spinal axis," or brain and spinal cord 
—whilst the other contains the alimentary canal and the chief 
circulatory organs, together with certain portions of the ner- 
vous system, known as the ^'ganglionic" or "sympathetic" 
system. Leaving the cerebrospinal centres out of sight for a 
moment, we see that the laijger or visceral tube of a Vertebrate 
animal contains the digestive canal, the haemal system, and a 
gangliated nervous system. Now this is exactly what is con- 
tained in the visceral cavity of any of the higher Invertebrate 
animals; and it follows from this, as pointed out by Von Baer, 
that it is the sympathetic nervous system of Vertebrates which 
is truly comparable to, and homologous with, the nervous sys- 
tem of Invertebrates. The cerebro-spinal nervous centres of 
the Vertebrata are to be regarded as something superadded, 
and not represented at all amongst the Invertebrata. 

The tube containing the cerebro-spinal centres is formed as 
follows : — At an early period in the development of the em- 
hxyo of any Vertebrate animal, the portion of the ovum in 
which development is going on — the "germinal area" — be- 
comes elevated into two parallel ridges, one on each side of 
tiie middle lin^ enclosing between them a long groove, which 
is known as the " piunitive groove" (fig. 1 1 6, A, £). The ridges 
whidh bound the primitive groove are known as the ^ lammae 
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dorsales and they become more and more raised up, till they 
ultimately meet in the middle line, and unite to form a tube, 
within which the cerebro-spinal nervous centres are developed. 
It follows from its mode of formation that the inner wall of the 
tube formed by the primitive groove, which remains as the 
septum between the cerebro-spinal canal and the body-cavity, 
is nothing more than a [lortion of the pnmitn e wall of the body 
of the embryo. And there appears to be little doubt, as be- 
lieved by Remak and Huxley, that the cerebro-spinal nervous 
centres are ** the result of a modification of that serous layer 
of the germ, which is cuntmuous elbevvliere widi the epidermis" 
(Huxley). 




"Fig. X16. — Embryology of Vatebiata. A» Portion of the germinal area of the ovum, 
of a Bitch» showing the primitive groove (after Biachon> B, Profile view of the 
same. C, Diagnun repre aen ting the amnion and allantois: e Embryo: « Am- 

nion: u Umhilical vesicle; Allantois; / Pc licle of the aUantois, aftcrwaids the 
urinary bladder. D, Head ot an embryo, showing the visceral arches {v v). 



Another remarkable peculiarity as regards the nervous sys- 
tem is found in the &ct that in no Vertebrate animal does the 
alimentary canal pierce the main masses of the nervous system, 
but turns away to open on the opposite side of the body. In 
most Invertebrates, on the other hand, in which there is a 
well-developed nervous system, this is perforated by the gullet, 
so that an oesophageal nerve-collar is formed, and some of the 
nervous centres become pras-oesophageal, whilst others are 
post-nesophageal. 

Furthermore, the lloor of the "primitive groove" in the 
embryo of all Vertebrates has developed in it at an early 
period the structure known as the " notochord " or " chorda 
dorsalis" (fig. 115, B, cA). This structure, doubtfully present 
in any Invertebrate, is a semi-gelatinous or cartilaginous col- 
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lection of cells, forming a rod-like axis, which tapers at both 
endSy and extends along the floor of the cerebro-spinal canal, 
supporting the cerebro-spinal nervous centres. In some Ver- 
tebrates, such as the Lancelet (Amphioxus\ the notochord is 
persistent throughout life. In the majority of cases, however, 
the notochord is replaced before maturity by the structure 
known as the " vertebral column " or ** backbone," from 
which the sub-kingdom Vertshrata originally derived its name. 
This is not the place for an anatomical description of the 
spinal column, and it is sufficient to state here that it is essen- 
tiially composed of a series cartilaginous, or more or less 
completely ossified, segments or verU^a^ arranged so as to form 
a longitudinal axis, which protects the great masses of the 
nervous system. It is to be remembered, however, that all 
Vertebrate animals do not possess a vertebral column. They 
all possess a notochord; but this may be persistent, and in 
many cases the development of the spinal column is extremely 
imperfect 

Another embryonic 5?tructnre which is characteristic of all 
Vertebrates, is found ni the so-called " visceral arches " and 
"clefts" (fig. tt6, D). The "visceral arches" are a series of par- 
allel ridges running transversely to the axis of the body, situ- 
ated at the sides of, and posterior to, the mouth. As develop- 
ment proceeds, the intervals between these ridges become 
grooved by depressions whirh gradually deepen, until they 
become converted into a series of openings or " clefts," where- 
by a free communication is established between the upper part 
of the alimentary canal (pharynx) and the external medimn. 

The limbs of Vertebrate animals are always articulated to 
the body, and they are always turned away from the neural 
aspect of the body. They may be altogether wantmg, or they 
may be partially undeveloped ; but there are never more than 
two pairs, and they always have an internal skeleton for the 
attadiment of the muscles of the limb. 

A specialised blood-vascular or " haemal ** system is present 
in all the Vertebrata^ and in all except one — the At?iphioxus — • 
there is a contractile cavity or heart, which never consists of 
less than two chambers provided with valvular apertures. In 
all the Vertebrata the heart is essentially a respiratory heart — 
that is to say, it is concerned with driving the impure or venous 
blood to the breathing-organs; and in its simplest form (fishes) 
it is nothing more than this. In the higher Vertebrates, how- 
ever, there is superadded to this a pair of cavities which are 
concerned in driving the pure or arterial blood to the body. 
In the case of the Manunals, these two circulations are often 
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$poken of as the lesser" or " pulmonaxy*' circulatioiiy and the 

" greater " or systemic " circulation. 

In all Vertebrates there is that peculiar modification of the 
venous system which is known as the hepatic portal system." 
That is to say, a portion of the blood whicli is sent to the ali- 
mentary canal, instead of returning to the heart by the ordi- 
nary veins, is carried to the liver by a special vessel — the vena 
portce — which ramifies through this organ after the manner of 
an artery. 

In all Vertebrates, also, is found the peculiar system of 
vessels known as the " lacteal system." Tins is to be regarded 
as an appendage of the venous ^tem of blood-vessels, and 
consists of a series of vessels which take up the products of 
digestion from the alhnentaiy canal, elaborate them, and finally 
empty their contents into the veins. 

Lastly, the masticatory organs of Vertebrates are modified 
portions of the walls of the head, and never hard productions 
of the alimentary mucous membrane or modified limbs" 
(Huxley), as they are amongst the Invertebrata. 

The above are the leading characters of the Vertebrata as a 
whole; but before goint; on to consider the primary divisions of 
the sub-kingdom, it may be as well to give a very brief and 
general descrii^tion of the anatomy of the higher and more 
typical Vertebrates, conmiencing with their bony framework or 
skeleton. 

The skeleton of the Vertebrata may be regarded as consisting 
csbcntially of the bones which go to form the head and trunk 
on the one hand (sometimes called the axial " skeleton), and 
of those which fonn the supports for the limbs appendicular" 
skeleton) on the other hand* The bones of the head and trunk 
may be looked upon as essentially composed of a series of bony 
rings or segments, arranged longitudinally, one behind the 
other. Anteriorly these segments are mudi expanded, and 
likewise much modified, to form the bony case which encloses 
the brain, and which is termed the cranium or skull. Behind 
the head the segments enclose a much smaller cavity, which is 
called the " neural " or spinal canal, as it encloses the spinal 
cord; and they are arranged one behind the other, forming 
the vertebral column. The segments which form the vertebral 
column are called "vertebrae," and they have the following 
general structure: — Each vertebra (fig. 117, A) consists of a 
central piece, which is the fundamental and essential element 
of the vertebra, and is known as the "body" or "centrum" {c). 
From the upper or posterior surface of tlie centrum spring two 
bony arches (« «), which are called the^"neural arches" or "neu- 
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rapophyses/' because they form with the body a canal — the 
"neural canal" — which encloses the spinal cord. From the 
point where the neural arches meet behind, there is usually 
developed a longer or shorter spine, which is termed the " spi- 
nous process " or " neural spine" (s). From the neural arches 
there are also developed in the typical vertebra two jirocesses 
(aa)y which are known as the " articular ** processes, or " zyga- 
pophyses^** The vertebrae are united to one another partly by 
ihesc^ but to a greater extent by the bodies or " centra." From 
the sides of the vertebral body, at the point of junction with 
the neural arches, there proceed two lateral processes (dd), 
which are known as die " transverse processes." (In the tjrpical 
vertebra the transverse processes consist each of two pieces, 
an anterior piece or parapopbysis,'* and a posterior piece or 
" diapophysis.") These elements form the vertebra of the 
human anatomist, but the vertebra" of the transcendental 
anatomist i*? completed by a second arch which is placed be- 
neath the body of the vertebra, and which is called the "hae- 
mal " arch, as it includes and protects the main organs of the 
circulation. This second arch is often only recognisable with 
great difficulty, as its parts are generally much modified, but a 
good example may be obtained in the human chcbt, or in the 
caudal vertebra of a bony fish. 




Fig. 117. — A, Lumbar vertebra of a Whale: r Body or centrum; Neural arches; 
X Neural spine ; a a Articular processes ; d d Transverse processes. B, Diagram of a 
thoracic vertebm : t Ccantrum ; n n Neural arches enclosing the neural canal ; » 
Neural spine ; rr Ribf; anisctngun the fomuUion of the hanuuaich ; » Costal car> 
tibges ; h Stemum, with hmud ipiiiCk (After Owen.) 

The hsemal arch in the case of the human thorax (fig. X17, 
B) is formed by the libs (rr) and the costal cartilages (pp)^ 
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and is completed in front by the breast-bone or sternum (I), 
which in some cases — but not in roan— develops a spine (the 
haemal spine), which corresponds to the neural spine on tiie 

opposite aspect of the vertebra. 

It follows from the above, that the typical vertebra consists 
of a central piece or body from which two arches are given off, 
•one of which protects the great masses of the nervous system, 
and is therefore said to be "neural;" whilst the other pro- 
tects the main organs of the circulation, and is therefore said 
to be *' haemal." The correspondence of the typical bony 
segment or vertebra with the doubly tubular structure of the 
body in all Vertebrates is thus too obvious to require to be 
specially pointed out 

As a general rul^ &e vertebral column is divisible into a 
number of distinct regions, of which the following are recog- 
nisable in man and in the higher Vertebraia^ — x. A series of 
vertebrae which compose the neck, and constitute the ''cervical 
r^on** of the spine (fig. iiS^ e). 2. A number of vertebrae 




Fig. 118. — Skeleton of the Beaver {Castor^Ser), showing the different regions of 
die vertebral column. « Cervical region; duonti ttgtim; ^Lumbar ngioii; * 
Sacrum ; / Caudal xagioo. 



which usually carry well-developed ribs, and form the " dorsal 
region" (^). 3. A series of vertebrse which form the region 
of the loins, or "lumbar region" (d), 4. A greater or less 
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number of vertebras which constitute the " sacral region," and 
are usually amalgamated or "anchylosed" together to form a 
single bone, the "sacrum" (s). 5, The spinal column is 
completed by a variable number of vertebra which constitute 
the " caudal " region, or tail (/). 

As regards the sku// of tiie ycrtebrata^ it has been thought 
advisable not to enter into any general details here, partly 
because tlic subject is one which can only be pro|jer]y dis- 
cussed in a work specially devoted to Human or Cum]mrative 
Anatomy, and partly because there is still much diversity of 
opinion as to the exact composition of the skull. There is^ 
however, a very general concurrence of opinion that the skull 
is composed of a number of separate segments, and this is a 
point which it is important to remember. By^ Owen, and by 
many other competent authoritieSi these cranial segments are 
looked upon as being nothing more than so many vertebra^ 
the neural canals of which are greatly expanded to enclose 
the brain, whilst the haemal arches are very greatly modified to 
serve different purposes. This view is not accepted by Hux- 
ley, but the general fact that the skull is composed of separate 
segments appears to be universally admitted. The only portion 
of the bony framework of the head which it is absolutely 
essential to understand, is the lower jaw or " mandible." The 
lower jaw is sometimes wanting, but when present, it consists 
in all Vertebrata of two halves or " rami," which are united to 
one another in front, and articulate separately with the skull 
behind. In many cases, each half^ or ramus," of the lower 
jaw consists of several pieces united to one another by sutures; 
but in the Mammaiia each ramus consists of no more than a 
single piece. The two rami are very variously connected with 
one another, being sometimes only joined by ligaments and 
muscles, sometimes united by cartilage or by bony suture^ and 
sometimes fused or anchylosed with one another, so as to leave 
no evidence of their true composition. The mode by which 
each ramus of the lower jaw articulates with the skull also 
varies. In the Mammalia the lower jaw articulates with a 
cavity formed on what is known to human anatomists as the 
temporal bone ; but in Birds and Reptiles, the lower jaw 
articulates with the skull, not directly, but by the intervention 
of a special bone, known as the " quadrate bone" or " os quad- 
rat um.^^ 

As regards the limbs of Vertebrates, whilst many differences ' 
exist, which will be afterwards noticed, tliere is a general 
agreement in the parts of which they are composed. As a 
rde, each pair of limbs is joined to the trunk by means of a 
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series of bones which also correspond to one another in general 
structure. The fore limbs, often called the "pectoral" limbs, 
are united with the trunk by means of a bony arch, which is 
called the "pectoral" or "scapular" arch; whilst the hind- 
limbs are similarly connected with the trunk by means of the 
"pelvic arch." In giving a general description of the parts 
which compose the limbs and their supporting arches, it will 
be best to take the case of a Mammal, and the departures 
from this type will then be readily recognised. 

The pectoral or scapular arch consists usually of three 
bones, the "scapula "or shoulder-blade, the "coracouV and 
the "davide" or coIlar*bone; but in 
the great majority of the Mammals^ the 
coiacoid is anchylosed with the scap- 
ula, of which it fonns a mere process. 
The scapulaorshoulder-blade (fi^. n 9, 
is usually placed outside the ribs, and 
it forms, either alone or in conjunction 
with the other bones of the shoulder- 
girdle, the cavity with which the upper 
arm is articulated. The coracoid, 
though rarcl v existing as a distinct bone 
in the Mammals, plays a ver)^ important 
part in other Vertebrates, as we shall 
see hereafter. The clavicles are often 
wanting, or rudimentary, and they are 
the least essential elements of the 
scapular arch. The fore-limb proper 
consists, firstly, of a single bone which 
forms die upper arm, and which is 
known as the humerus {h)^ This arti- 
culates above with the shouIder-j^iTdle, 
and is followed below by the for&arm, 
which consists of two bones, called the 
radius and ulna. Of these the radius 
is chiefly concerned with cairying the 
hand The radius and ulna are fol- 
lowed by the bones of the wrist, which 
are usually composed of several bones, 
and constitute what is called the carpus 
(d). These support the bones of the 
root of the hand, which vary in 
number, but are always more or less 
cylindrical in shape. They constitute what is called the 
niciacar^us. The bones of tiie metacarpus carry the digits, 




Fig. 119. —Pectoral limb 
^rm) of Chimpanzee. 
(After OwenX c Cla- 
vicle • ' Scapula or shoul- 
der>Uade ; k Humerus ; 
r Radius; u Ulna; d 
Bones of the wrist, or car- 
pus ; m Metacarpus; > 
Phalanges of the fingeis. 
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which also vary in number, but are composed each of from 
two to three cylindrical bones^ which are known as the 
phalanges ( /). 

Homologous parts are, as a rule, readily recognisable in the 
hind-limb. The pelvic arch, by which the hind-limb is united 
with the trunk, consists of three pieces — the 
ilium, ischium^ and piibes — which are usually 
anchylosed together, and form conjointly what 
is known as the tmmwiaie hofie (fig. 120, /), 
In most Mammals, the two innominate bones 
unite in front by a U^onentous or cartilaginous 
union and they constitute, with the sacrum, what 
is known as the pdvis. The hind-limb proper 
consists of the following parts : — i. The thigh- 
bone or femur, corresponding with the humerus 
in the fore-limb. 2. The bones of the shank, 
corresponding with the radius and ulna of the 
fore-limb, and known as the tibia and fibula. 
Of these, the tibia is mainly or altogether con- 
cerned in carrying the foot, and it is thus 
shown to correspond to the radius, whilst the 
fibula corresponds to the ulna. 3. The small 
bones of the ankle, known as the tarsus, and 
vaiying in number in different cases. 4. A 
variable number of cylindrical bones (normally 
five), which are called the mdaiarsuSy and which 
correspond to the metacarpus. 5. Lastly, the 
metatarsus carries the digits, which consist of 
^ from two to three small bones or phalanges^ as 
Pelvic in the fore-limb. 

The digestive system of Vertebrates will be 
spoken of at greater length hereafter; but a 
^T^Tor^\i^- brief sketch may be given here of the general 
Flbuia^f^MSttf' ph^^O"^^"^ digestion. All Vertebrate ani- 
m Metatarsus; / mals are provided with a mouth for the re- 
i^anges of the ception of food, and in the great majority of 
cases the mouth is furnished with teetli^ which 
are used sometimes merely to hold to the prey, but more 
commonly to cut and bruise the food, and thus render it 
capable of digestion. The food is also generally subjected 
in the mouth to the action of " salivary " glands, the se- 
cretion of which serves not only to moisten the food, and 
thus mechanically assist deglutition, but also to render soluble 
the starchy elements of the food The food is next swallowed, 
or, in other words^ is txansferred from the mouth to Ihe stomach, 



Fig. 120. — 
limb Ound-limb> 
of Chirapuizee 

after Owen). 
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this being effected by a complicated arrangement of muscles, 
whereby the food is forced down the c;n1!et {cesp//!r7<:^fs) to the 
proper digestive cavity or stomach. In the stomach (hg. 121, j) 
the food is subjected to two sets of actions ; it is mechanically 
triturated and ground down by the constant contractions of 
the muscular walls of the stomach; and it is sulijected to the 
chemical action of a special fluid secreted by the stomach, 
and called the "gastric juice." "I his tluul has the power of 
reducing albuminoid substances to a soluble form, and by its 
action the food is ultimately reduced to a thick acid fluid, 
called the "chyme." Leaving die stomach by its lower 
aperture (the Jiy&rus), the chjrme passes into the intestine, 
the first portion of which is divided into several sections^ but 
is collectively known as the " small 
intestine." Here the chyme is sub- 
jected to the action of three other 
digestive fluids; the secreted 
by a special oigan, the liver; the 
pancreatic ji( ice ^ secreted by another 
gland, the pancreas ; and the intes- 
titial juice^ secreted by certain glands 
situated in the mucous membrane of 
the intestine itself. The result of the 
whole process is that the " chyme " 
is ultimatelv converted into a white, 
alkaline, milky lluid, which is called 
** chyle." The indigestible portions 
of the food pass ton the small in- 
testine into a tube of larger dimen- 
sions, called the "large intestine." 
Such portions of the food as are 
still soluble, and capable of being 
employed in nutrition, are here 
taken up into the blood, the use- 
less remainder being ultimately ex- 
pelled by an anal aperture. The 
last portion of the large intestine is 
usually less convoluted than the rest, 
and is called the " rectum." 

The fluid and originally soluble 
portions of the food, and the chyle 
which is formed in the process of digestion, are taken into the 
blood, the lobses of which they serve to repair. Part of the 
nutritive materials of the food is taken up directly by the 
blood-vessels, and is conveyed by the " vena portae " to the 




Fig. lai. — Diagram of Ae digestive 
system of a Alamni il. ("rullct; 
s Stomach; sfu Small mtaitine; 
Im Large intestiiie; r Rectum, 
terminating ill thft apcrtuTO « 
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liver, whence it ultimately reaches the great veins which go to 
the heart The greater part, however, of the liquelied food, 
constituting the chyle, is taken up, not by the blood-vessels, 
but by a special set of tubes, which form a network in the 
walls of the intestine, and are known as the " lacteals." In 
these vessels, and in certain glands wluch are developed upon 
them, the chyle undergoes stUl further elaboration, and is made 
more similar in composition to the blood itself. AH the lacteal 
vessels ultimately unite into one or more large vessels which 
open into one of the veins, so that all the chyle is thus finally 
addedto the mass of the circulating blood. ^ 

The blood, then, or nutrient fluid from which the tissues are 
built up, is formed in this way out of the materials which are 
taken into the alimentary canal as food. In all the Vertebrata, 
with the sii^fle exception of the Lancdet (Ampkioxus\ the 
blood is of a red colour when viewed in mass. This is due to 




Fjg> 199.— Blood -corpusc!e5> of Vertebrata. a Red blood-discs of man ; k Blood- 
discs of Goose e Crocodile ; d Frog; e Skate. 



the presence in it of an incredible number of microscopical 
bodies, which are known as the blood-corpuscles»" the fluid 
in which these float being itself colourless (fig. 122). 

In all the Vertetraia the blood is distributed tiirough the 
body by means of a system of closed tubes, which constitute 
the blood-vessels ;** and in all except the Lancelet, the means 
of propulsion are derived from a contractile muscular cavity 
or " heart," furnished with valvular apertures. In the most 
complete form of circulation, as seen in Birds and Mammals, 
the heart is essentially a double organ, composed of two 
halves, each of which consists of two cavities, an auricle and 
a ventricle. The right side of the heart is wholly concerned 
with the "lesser" or pulmonary circulation, whilst the left 
side is concerned with driving the blood to all parts of the 
body (systemic circulation). The modifications of the circulat- 
ory process will be noticed in speaking of the difierent classes of 
Vertebrates, but a brief sketch may be given here of the circu- 
lation in its most complete fonn, as in a Mammal. In such a 
case, the venous or impure blooc^ which has circulated through 
the body and has partc^i with its oxygen^ is returned by the great 
vems to the right auride. From tibe right auricle (fig. 223, a) d&e 
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blood passes by a valvular aperture into the right ventricle (z/), 

whence it is driven through the pulmonary artery to the lungs. 

The right side of the heart is therefore wholly respiratoiy in 

its function. Having been sub- 
mitted to the action of the lungs, 

and having given off carbonic acid 

and taken up oxygen, the blood 

now becomes arterial, and is re- 
turned by the pulmonary veins to 

the left auride (a'). From the left 

auride the aerated blood passes 

throu^ a valvular aperture into the 

left ventride (U), whence it is pro- 

pdled to all parts of the body by 

means of a great systemic vessel, 

the " aorta." The left side of the 

heart is therefore wholly occu- 
pied in carrying out the "greater" 

or systemic circulation. 

The purification of the blood 
is carried out in all Vertebrates 

by means of distinct respiratory 
organs, assisted to a greater or 
less extent by the skin. In the 
Fishes, and in the Amphibians 
to some extent, the piocess of 
respiration is carried on4>y means 
d[ branchuB or gills — that^ is, b^ 
organs adapted for breathing air 
di^olved in water. These are 
therefore often spoken of as 
" Branchiate " Vertebrates ; but 
the Amphibians always develop true lungs in the later stages 
of their existence. In the Reptiles, Birds, and Mammals, 
branchiae are never developed, and the respiration is always 
carried on by means of true lungs — that is, by organs adapted 
for breathing air directly. These are therefore often spoken 
of as the "Abranchiate" Vertebrates. 

The waste substances of the body — of which the most im- 
portant are water, carbonic acid, and urea — are got rid of by 
the skin, lungs, and kidneys. Under ordinary circumstances, 
the lungs are mainly occupied with the excretion of carbonic 
acid and wateiy vapour. The skin diiefly gets rid of superflu- 
ous moisture but can also in many animals excrete carbonic 
add as weU. The kidneys are present in almost all Vertelnate 




Fig. za^— Dianam of the circulation 
of • Mammal. The ifokmu system 

is marked black ; the arterial system 
IS left white, a Right auricle; v 
Right ventricle; / Pulmonary artery, 
carrying venous bkxxl to the luan: 
>p Pulmonary veina earryins artenal 



^ Left ventricle 



>p Pulmonary veina 
uood from the Itmn; o' Left auricle; 

; 0 Aorta, carrying 
arterial blood to the body ; c Vena 
cava carryiag venous blood to dia 
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animals, and their function is mainly to excrete water, and the 
nitrogenous substance known as urea. In the majority of 
cases the fluid excreted by the kidneys is conveyed to the ex- 
terior by means of two tubes known as the meters, which 
empty memsdves into a common receptacle, the nrinaiy 
bladder. In some cases, however, the ureters open into the 
tennination of the alimentaiy canal (rectom). 

The nervous system of Vertebrate animals usually exhibits a 
well-marked division into two parts — ^the cerebro-spinal system, 
and the sympathetic system. The cerebro-spinal system of 
nerves constitutes the great mass of the nervous system of 
Vertebrates, and usually exhibits a well-marked separation 
into spinal cord (fnyelon) niid brain (encepkalon). The pro- 
portion borne by the brain to the spinal cord differs much in 
different cases ; and in the Lancelet a brain can hardly be said 
to be present at all. As already said, the brain and spinal 
cord are always completely shut off from the visceral cavity, 
and they are placed ui)on the dorsal surface of the body. The 
nerves given off from the cerebro spinal axis are symmetrically 
disposed on the two sides of the body, and they are mainly 
concerned with the functions of animal life — that is to say, 
with sensation and locomotion. The sympathetic system of 
nerves is unsymmetrically disposed to a greater or less extent, 
and presides mainly over the functions of " organic," or " vege- 
tative " life, being mainly concerned with regulating the func- 
tions of digestion and respiration, and the circulation of the 
blood. In its most fully developed fonn it consists of a double 
gangliated cord placed in the visceral cavity on the under sur- 
face of the spine, and of a series of ner\'0iis ganglia, united by 
nervous cords, and scattered mainly over the great viscera of 
the thorax and abdomen. 

The organs of the senses are well developed in the Vertebrafa^ 
and those appropriated to the senses of sight^ hearing^ smelly 
and taste are protected within bony cavities of the head. The 
perfection of the senses differs much in different cases, but they 
are probably never wholly wanting in any Vertebrate animal. 
There are cases in which vision must be the most rudimen- 
tary character ; but even in these cases it is probable that there 
is a perception of light, even if there is no power of distinguish- 
ing objects. The only cases in which it would appear that 
vision IS really altogether absent, are those €i animisds placed 
under the wholly abnormal concUtion of spending their exist- 
ence in darkness (such as the Fruims anguinus of the caves of 
Illyria). Smell, hearing, and taste are probably rarely, if ever, 
alt(^ether absent in Vertebrates; though in many cases their 
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organs krt very radimentary. Touch, or " tactile sensibilily," 
is usually possessed to a greater or less d^;ree by the entire 
suifsure of the body; but the sense of touch is generally localised 
in certain particular parts, such as the appendages of the moulli, 
the lips, the tongue, or the digits. 

In all Vertebraia without exception reproduction is carried 
on by means of the sexes, and in all the sexes are in different 
individuals. No Vertebrate animal possesses the power of re- 
producing itself by fission or gemmation; and in no case are 
composite organisms or colonies produced. Most of the Ver- 
tebrates are oviparous, that is to say, the ova are expelled from 
the body of the parent either before or very shortly after im- 
pregnation. In other cases, the eggs are retained within the 
body of the parent until the young are hatched, and in these 
cases the animals arc said to be ovo-viviparous. In other cases, 
again, not only is the egg hatched within the parent, but the 
embryo is retained within the body of the motiier until its de- 
velopment has been carried out to a greater or less extent; and 
these animals are said to be vmfarous. 

Divisions op the Vertebrata. — ^The sub-kingdom VerU- 
brata is divided into the five great classes of the Fishes (Pisces), 
Amphibians {Amphibia), Reptiles (Reptilia), Birds (Aves), and 
Mammals (Mammalia). So far there is perfect unanimity; but 
when it is inquired into what larger sections the Vertebrata may 
be divided, there is much difference of opinion. Here, the 
divisions proposed by Professor Huxley will be adopted, but it 
is necessary that those employed by Other writers should be 
mentioned and explained. 

One of the commonest methods of classifying the Vertebrata 
is to divide them into the two primary sections of the Branch- 
iota and Abranchiata. Of these, the Branchiate section in- 
cludes the Fishes and Amphibians, and is characterised by the 
fact that the animal is always provided at some period of its 
life with branchiae or gills. The Abranchiate section includes 
the Reptiles, Birds, and Mammals, and is characterised by the 
fact that the animal is never provided at any time of its life 
with gills. Additional characters of the Branchiate Vertebrates 
are^ l£at the embryo is not furnished with the structures known 
as the amnion and allantois. Hence the Branchiate Vertebrates 
are often spoken of as the Anamniota and as the Anallantoidea^ 
In the Abranchiate Vertebrates, on the other hand, the embryo 
is always provided with an amnion and allantois, and hence 
this section is spoken of as the Ammota or as the AHantoidea* 

• The amnion (fig. Il6, C) is a membranous sac, containing a fluid — 
the liquor amnii — and completely enveloping the embiya It coosti- 
VOL, IL V 
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• By Professor Owen the Vert^aia are divided into the two 
primary sections of the HcBtnatocrya and the Hmmatotherma^ the 
characters of the blood being taken as the distinctive character. 
The H(Pmatocrya or Cold-blooded Vertebrates: comprise the 
Fishes, Amphibia, and Reptiles, and are characterised by their 
cold blood, and impertect circulation. The Hcematother7?ia or 
Warm-blooded Vertebrates comprise the Birds and the Mam- 
mals, and are characterised by their hot blood, four-chambered 
heart, and complete seixiration of the pulmonary and systemic 
circulations, llie chiet^ objection to this division lies in the 
separation which is effected between the Reptiles and the 
Birds, two classes which are certainly veiy nearly aUied to one 
another. 

By Professor Huxley the VerUirata are divided into the fol- 
lowing three primary sections : — 

L IcHTHvopsiDA. — ^This section comprises the Fishes and 
the Amphibians, and is characterised by the presence at some 
period of life of gills or branchiae, the absence of an amnion, 
the absence or rudimentary condition of the allantois, and the 
possession of nucleated red blood-corpuscles. 

II. Sauropsida. — This section comprises the Birds and the 
Reptiles, and is characterised by the constant absence of gills, 
the possession of an amnion and allantois, the articulation of 
the skull with the vertebral column by a single occipital con- 
dyle; the compobiUon of each ramus of the lower jaw of several 
pieces, and the articulation of the lower jaw with the skull by 
the intervention of an os quadratum^" and, lastly, the posses- 
sion of nucleated red blood-corpuscles. 

IIL Mammalia. — ^This section includes the single class of 
the Mammals, and agrees with the preceding in never possess^ 
ing gills, and in having an amnion and allantois. The Mam- 
maHa^ however, differ from the Sauropsida in the &ct that the 
skull articulates with the vertebral column by two occipital 
condyles ; each ramus of the lower jaw is simple, composed of 

tutes one of the so-called ** foetal membranes,'* and is thrown off at birth. 
The aUantois (fig. Ii6, C) is an embryonic structure, which is developed 
oat of the middle or " vascular " layer of the genninal membrane. It ap> 

pears at first as a solid, pear-shaped, cellular mass, arising from the mider 
part of the body of the emhn o. In the process of development, the allan- 
tob increases largely in size, and becomes converted into a vesicle which 
envelops the embryo in part or wholly. It is abundantly supplied with 
blood, and is the organ whereby the blood of the foetus is aerated. The 
part of the allantois which is extemrtl to the body of the embryo is cast off 
at birth; hut the portion which is within the body is retained and is con* 
verted mto the urinary bladder. 
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a single piece, an^d the lower jaw is united with the temporal 
(squamosal) element of the skull, and is not articulated to a 
quadrate bone. There are special glands — the mammary 

glands — for the nourishment of the young for a longer or shorter 
period after birth, and the red blood-corpuscles are non- 
nucleated* 
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CHAPTER LIV. 



CLASS L— PISCES. 

The first class of the Vertebrata is that of the Fishes (Pisces), 
which may be broadly defined as including Vertebrate animals 
which are provided with gills throughtnU the whole cj Ufe; the 
hearty when present, consists {with one exception) of a single au- 
ricle and a single ventricle ; the blood is cold; the limbs ^ ivhen 
present, are in the form of fins, or expansions of the integument; 
and there is neither an amnion nor allantois in the embryo^ unless 
the latter is represented by the urinary blailder. 

In form, Fishes are adapted for rapid locomotion in water, 
the shape of the Ixxlv Ijfing such as to give rise to the least 
possible friction in swiinniing. To tins end also, as well as for 
purposes of defence, the body is usually enveloped with a 

coating of scales developed in the 
inferior or dermal layer of the skin. 
The more important modifications 
in the form of these dermal scales 
are as follows : I. Cycloid scales (fig. 
1 24, a), consisting of thin, flexible, 
homy scales, circular or elliptical 
in shape, and having a more or less 
com[)letely smooth outline. These 
are the scales which are character- 
istic of most of the ordinary bony 
fishes. II. Ctenoid scdX^s (fig. 1 24, b), 
also consisting of thin horny plates, 
but having their posterior margins 
fringed with spines, or cut into 
Fig. 124 — Scales of diflTerent fishes, comb-like projcctions. III. Gan- 

^clirl^lS; ^^p^iW^^^^ ^/V/ scales, composed of an inferior 
crhorn^ck) ; rf GmmmI acaies layer composed of bone, covered 

by a supeificial layer of hard po- 
lished enamel (the so-called %; inoine"). These scales (fig. 
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134, ^ are usually much laiger and thicker than the ordinary 
scales, and though they arj often articulated to one another by 
special processes, they only rarely overlap. IV. Fktcoid scales, 
consisting of detached bony grains, tubercles, or plates, of 
which the latter are not uncommonly anned with spines 
(fig. 124, c). 

In most fishes there is also to be observed a line of peculiar 
scales, forming what is called the " lateral line." Each of the 
scales in this line is perforated by a tube leading down to a 
longitudinal canal which runs along the side of the body, and 
is connected with cavities in the head. The function of this 
singular system has been ordinarily believed to be that of se- 
creting the mucus with which the surface of the body is covered; 
but it seems to be more probably sensoiy in function, and to 
be connected with the sense of touch. 

As regards their true osseous system or endoskdeton, Fishes 
vary very widely. In the Lancelet there can hardly be said to 
be any skeleton, the spinal cord being simply supported by 
the gelatinous notochord, which remains throughout life. In 
others the skeleton remains permanently cartilaginous; in 
others it is partially cartilaginous and partially ossified ; and, 
lastly, in most modem fishes it is entirely ossified or converted 
into bone. Taking a bony fish (fig. 125) as in this respect a 
typical example of the class, the following are the chief points 
in the osteology of a fish which require notice : — 




Fur. zas.— Skeletoo of the common Perch {Percajluviatilis.) > one of the pectora 
ms ; V One of die ventral fins ; a Anal fin, supported upon faitetspinous bones (0 ; c 
Caudal fin; tfFilSt dorsal fin; </' Second dorsal fin, both supported uoon interspmous 
bones; it iBlerqitnous bones; rRibs; t Spinous processes of verteors; h Haemal 
pfOcciiM of vertelinB^ 

The vertebral column in a bony fish consists of vertebrae, 
which are hollow at both ends, or biconcave, and are tedmi- 
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cally said to be ** amphicoelous." The cup-like margins of the 
vertebral bodies are united by liggpnents, and the cavities 
formed between contiguous vertebrae are filled with the gela- 
tinous remains of the notochord. This elastic gelatinous sub- 
stance acts as a kind of ball -and-socket joint between the bodies 
of the vertebrae, thus givuig the whole spine the extreme mo- 
bility which is requisite for animals living in a watery medium. 
The ossification of the vertebrae is often much more imperfect 
than the above, but in no case except that of the Bony Pike 
(Lepidosteus) is ossification carried to a greater extent than 
this. In this iisii, how ever, the vertebral column is composed 
of "opisthocoelous** vertebrae — that is, of vertebrae the bodies of 
which are concave behind and convex in fh)nt The entire 
spinal column is divisible into not more than two distinct re- 
gions, an Mominai and a eaudai rtgun. The abdominal 
vertebrae possess a superior or neural arch(through which passes 
the spinal cord), a superior spinous process (neural spine), and 
two transverse processes to which the ribs are usually attached. 
Tlie caudal vertebrae (fig. 125) have no marked transverse pro- 
cesses ; but, in addition to the neural arches and spines^ they 
give off an inferior or hamal arch below the body of the verte- 
bra, and the haemal arches cany inferior spinous processes 
(haemal spmes). 

The ribs of a bony fish are attached to the transverse pro- 
cesses, or to the bodies of the abdommal vertebrae, m the form 
of slender curved bones which articulate with no more than 
one vertebra each, and that only at a single point Unlike the 
ribs of the higher Vertebrates, the ribs do not enclose a thoracic 
cavity, but are simply embedded in the muscles which bound 
the abdomen. Usually each rib gives off a spine-like bone, 
which is durected backwards amongst the muscles. Inferiorly 
the extremities of the ribs are free, or are rarely united to der- 
mal ossifications in the middle line of the abdomen ; but there 
is never any breast-bone or sternum properly so called. 

The only remaining bones connected with the skeleton of 
the trunk are the so-called inters^imus bcnes (fig. 125, i i). 
These form a series of dagger-shaped bones plunged in the 
middle line of the body between the great lateral muscles 
which make up the greater part of the body of a fish. The 
internal ends or points of the interspinous bones are attached 
by ligament to the spinous processes of the vertebrae ; whilst 
to their outer enrls are articulated the "rays " of the so-called 
" median " fins, which will be hereafter described. As a rule, 
there is only one interspinous bone to each spinous process, 
but in the Flat-fishes (Sole, Turbot, &c.} there are two. 
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Beside the fins which represent the limbs (pectoral and 
ventral fins), fishes possess other fins placed in the middle line 
of the body, and all of these alike are supported by bony spines 
or " rays," which are of two kinds, termed respectively " spi- 
nous rays " and " soft rays." The ** spinous rays " are simple 
bony spines, apparently composed of a single piece each, but 
really consisting of two halves firmly united along the middle 
line. The " soft rays " are composed of several slender spines 
proceeding from a common base, and all divided transversely 
mto numerous short pieces. The soft lays occur in many fishes 
in different fins, but they are invariably found in the caudal 
fin or tail (fig. 125, c). The rays of the median fins, whatever 
Iheir character may be, always articulate by a hinge-joint with 
the heads of the interspinous bones. 

The siuti of the bony fishes is an extremely complicated 
structure^ and it is impossible to enter into its composition 
here. The only portions of the skull which require special 
mention are the bones which form the gill-cover or operculum^ 




fig. xsC— Skull of Cod (M^rrikiia twft)ifw)--Cimer. a Urohysl ; i Baifliyal • t 

Ceratohyal ; d Branchiostegal rays ; / Prac-opcrcuhim ; o Operculum propcTj * Sub> 
operculum ; i Inter-uperculum ; m Mandible ; h Inter-maxiUary bone. 

and the hyoid bone with its appendages. For reasons con- 
nected witii the respiratory process in fishes, as will be after- 
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wards seen, there generally exists between the head and the 
scapular arch a great cavity or gap on each side, within which 
are contained the branchiae. The cavity thus formed opens 
externally on each side of the neck by a single vertical fissure 
or " gill-slit," closed by a broad riap, called the " gill-cover 
or "operculum," and by a membrane termed the "branchi- 
ostegal membrane." 

The gill-cover (fig. 126, /, 0^ s, t) is composed of a chain of 
broad SaX bones, tenned die opercular bones. Of these, the 
innermost articulates with the skull (tympano-mandibular arch), 
and is called the pr8eK)perculum ; " the next is a large bone 
called the operculum*' proper; and the remaining two bones, 
called respectively the "sub-opezculum" and "inter operculum," 
form, with the operculum proper, the edge of the gill-cover. 
These various bones are united together by membrane, and 
they form collectively n kind of movable door, by means of 
which the branchial chamber can be alternately opened and 
shut. Besides the gill-cover, however, the branchial chamber 
is closed by a membrane called the ** branchiostegal mem- 
brane," which is attached to the os hyoides. The membrane 
is supported and spread out by a number of slender cur\^ed 
spines, which arc attached to the lateral branches of the 
hyoid bone, act very much as the ribs of an umbrella, and are 
known as the " bianchiostegal rays" (fig. 126, 

The hyoid arch of fishes is attoched to the temporal bones 
of the dcuU by means of two slender styliform bones, which 
correspond to the styloid processes of man, and are called the 
stylohyal bones (fig. 127,/). The rest of the hyoid arch is 
composed of a central portiop and two lateral brandies. Each 
branch is composed of the following parts : — i. A triangular 
bone attached above to the stylohyal, and termed the ** epihyal 
bone" (fig. 127, e) 'y 2. A much longer bone, known as the 
" ceratohyal " {d). The central portion of the hyoid arch is 
made up of two small polyhedral bones — the "basihyals" (h). 
From the basihyal there extends forwards in many fishes a 
slender bone, which supports the tongue, and is termed the 
"glossohyal" or "lingual" bone {a). There is also another 
compressed bone, which extends backivards from the basihyals, 
and which is known as the " uruhyal bone" (r). This last- 
mentioned bone is of importance, as it often extends back- 
wards to the point of union of the coracoid bones, and thus 
forms the isthmus which separates the two branchial apertures. 

From the outer maigins of the epihyal and ceratohyal bones 
on each side arise the slender curved " branchiost^;al rays," 
which have been previously mentioned. There are usually 
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seven of these on each side. Above the uiohyal, and attached 
in front to the body of the os hyoides, is a chain of bones, 
placed one behind the other, and termed by Owen the basi- 




Kg. r^j. — 0-s hyoides, branchiostegal rayi, and scapular arch of the Perch (after 
Cuvier). ss Supra-scapula ; s Scapula ; co Coracoid ; ci SuppoMd representative of 
die clavicle ; a Glossohyal bone ; S Basihyal ; c Urohjral; dOeaJUAyaXi € Epihyal; 
ySqrloliyal; br Bnndual aiches; / Bnnchioitegal imy*. 



branchial bones." Springing from these are four bony arches 
— ^the branchial arches"— which proceed upwards to be con- 
nected superiorly by ligament widi the under surfiu:e of the 
skull The 1>ranchial arches — as will be subsequently de- 
scribed—cany the branchiae, and each is composed of two 
main pieces, termed respectively the "cerato-branchial" and 
" epi-branchial " bones. The second and third arches are con- 
nected with the skull by the intervention of two small bones, 
often called the " superior pharyngeal bones," but termed by 
Owen the " pharyngo-branchial " bones. 

The limbs of fishes depart considerably from the typical form 
exhibited in the higher Vertebrates. One or both pairs of 
limbs may be wanting, but when present the limbs are always 
in the form of Jim — that is, of expansions of the integument 



Digitized by Google 



346 



MANUAL OF ZOOLOGY. 



strengthened by bony or cartilaginous fin-rays. The anterior 

limbs are known as the pectoral fins, and the posterior as the 
ventral fins; and they are at once distinguished from the 
so-called " median " fins by being always symmetrically dis- 
posed in pairs. Hence they are often spoken of as the paired 
fins. The scapular arch (figs. 127, 128) supporting the pec- 
toral limbs is usually joined to the skull (occipital bone), and 
consists of the following pieces on each side : — i. The supra- 
scapula {ss) ; 2. The scapula (s\ articulating with the former; ' 
and, 3. The coracoid {co)^ attached above with the scapula, and 





Ifc. x»8.— Pectoral limbs of Fi'^hc; (after OwenV A, Cod {Morrkua - ufgarts); B, 
Angler {Lo^kius). ss Supra-»capula ; s Scapula ; C9 Coracoid ; r KaUtiu i u Ulna ; 
cc Caq>al bones; / Wiat-tvf, rnpiriinnriiiig Um nw teM i p M and phako^ of th« 
fiogen. 

united below, by ligament or suture, with the coracoid of the 
opposite side, thus completing the pectoral arch. Lastly, there 
is oflen another bone, sometimes bingle, but oUenei oi iwo 
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pieces, attached to the upper end of the coracoid, and this is 
believed to represent the coUar-bone or clavicle.* 

The fore-limb .possesses in a modified form most of the 
bones which are present in the higher Vertelfrata. The hum- 
erus, or bone of the upper arm, is usually wanting, or it is alto- 
gether rudimentary. A radius and ulna (fig. 128, r, u) are 
usually present, and are followed by a variable number of 
bones, which represent the carpus, and some of which some- 
times articulate directly with the coracoid. The carpus is fol- 
lowed by the rays ' of the fin proper, these representing the 
metacarpal bones and phalanges. 

The hmd-liiobs or ventral fins" are wanting iu many fishes, 
and they are less developed and less fixed in position than are 
the pectoral fins. In the ventral fins no representatives of the 
taisusy tibia and fibula, or femur, are ever developed. The 
rays of the ventral fins-— representing the metatarsus and the 
phalanges of the toes — ^unite directly with a pelvic arch, which 
is composed of two sub-triangular bones, united in the middle 
line and beheved to represent the ischia. The imperfect pelvic 
arch, thus constituted, is never united to the vertebral column 
in any fish. In those fishes in which the ventral fins are 
** abdominal " in position placed near the hinder end of 
the body) the pelvic arch is suspended freely amonc^st the 
muscles. In those in which the ventral tins are ''thoracic" or 

jugular" {i.e., placed beneath the pectoral fins, or on the 
sides of the neck) the pelvic arch is attached to the coracoid 
bones of the scapular arch, and is therefore wholly removed 
firom its proper vertebra. 

In addition to the pectoral and ventral fins — the homologucs 
of the limbs — which may be wanting, fishes are furnished 
with certain other expansions of the integument, which are 

median " in position, and must on no account be confounded 
with the true " paired" fins. These median fins are variable 
in number, and in some cases there is but a single fringe 
running round the ])osterior extremity of the body. In all 
cases, however, the median fins are " azygous " — that is to say, 
they occupy the middle line of the body, and are not sym- 
metrically disposed in pairs. Most commonly, the median 
fins consist of one or two expansions of the dorsal integument^ 
called the "dorsal fins" (fig. 129, (f) ; one or two on the 
ventral surface near the anus — the " anal fins " (fig;. T29, n) ; and 
a broad fin at the extremity of the vertebral column, called the 

* These are tlie views entertained by Owen as to the composition and 

nature of the pectoral arch of fishes, but they arc dissented from by llifr 
Parker, one of the greatest living authorities on this subject. 
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" caudal fin " or tail (r). In all cases, the rays which support 
the median fins are articuiated with the so called interspinous 
bones, which have been previously descnbed. 




F%. za9b— Outline of a iiih {Ptrca gnaMniiatdU •bowing thepaired and impaired fins. 
>OBeor tbepectondfim; v On* of the ventral fine; jf FlntdonBl fin; 4^' Second 
dorsal fin ; a Anal fin ; ^ Caudal fin. 



The caudal fin or tail of fishes is always set vertically at the 
extremity of the spine, so as to work from side to side, and it 
is the chief organ of progression in the fishes. In its vertical 
position and .in the possession of fin-rays, it differs altogether 

from the horizontal integumentary 
expansion which constitutes the 
tail of the Whales, Dolphins, and 
Strema (Dugong and Manatee). 
In the foim of the tail ^shes 
exhibit two veiy distinct types 
of stnictore, termed respectively 
the "homocercal" and ''hetero- 
cercal" type of tail (fig. 130). 
The homocercal tail is the one 
which most commonly occurs 
in our modern fishes, and it is 
characterised by the fact that the 
two lobes of the tail are equal, 
and the vertebral column, instead 
of being prolonged into the upper 

Fig. 130 — Tails of different fishes, lobe of the tail, StOpS short at 

(t f! n.orr-rcal tail (Sword-fisnlS ■ \ t ^^1 u i. i "i 

* Heteroccrcai tail (StiuxewO^ base, in the heterocercal tail, 

' on the other hand, the vertebral 
colunrn is prolonged into the upper lobe of the tail» so that the 
tail beccNxies unequally lobed, its greater portion being placed 





Digitized by Google 



CHARACTERS OF FISHES. 4 349 



belo^v the spine. Even where the vertebral column is not pro- 
longed into the upper lobe, the tail may nevertheless become 
heterocercal, in consequence of a great development of the 
haemal spines as compared with the neural spines of the 
vertebrae. 

The process of respiration in all fishes is essentially aquatic, 
and is carried on by means of branchial plates or tufts devel- 
oped upon the posterior visceral arches, which are persistent, 
and do not disappear at tbe close of embtyonic life, as they do 
in other Vertebrates. In the Lancelet alone, respiration is 
effected partly by branchial filaments placed round the com- 
mencement of the phaiynx, and pardy by the pharynx itself, 
which is greatly enlarged, and has its walls perforated by a 
series of transverse ciliated fissures. The arrangement and 
structure of the branchiae differs a good deal in the different 
orders of Fishes, and these modifications will be noticed sub- 
sequently. In the meanwhile it 'will be sufficient to give a 
brief description of the branchial apparatus in one of the bony 
fishes. In such a fish, the branching are connertecl with the 
hyoid arch, and are situated in two special chambers, situated 
one on each side of the neck. The branchiai are carried 
upon the outer convex sides of what have been already described 
as the "branchial arches that is to say, upon a series of bony 
arches which are coniiecLed with the hyoid arch inferiorly, and 
are united above with the base of the skull. The internal 
concave sides of the brandiial arches are usually furnished 
with a series of processes, constituting a kind of fiinge, the 
function of which is to i^event foreign substances finding their 
way amongst the branchiae, and thus interfering with the proper 
action of the respiratory organs. The branchiae, themselves, 
usually have the form of a double series of cartilaginous leaflets 
or laminae. The branchial laminae are flat, elongated, and 
pointed in shape, and they are covered with a highly vascular 
mucous membrane, in which the branchial capillaries ramify. 
The blood circulates through the branchial lamina;, and is here 
subjected to the action of aerated water, whereby it is oxygen- 
ated. The water is constantly taken in at the mouth by a 
movement analogous to swallowing, and it gains admission to 
the branchial chambers by means of a series of clefts or slits, 
the " branchial fissures," which are situated on both sides of the 
pharynx. Having passed over the gills, the deoxygenated 
water makes its escape posteriorly by an aperture called the 
" gill-slit " or ''opercular aperture^ one di whidi is situated on 
each side of the neck. As we have seen before, the gill-slit is 
dosed in front by a diain of flat bones, collectively consti- 
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tuting the "gill-cover" or " operculum and the gill-covers 
are finally completed by a variable number of bony spines — 
the ^' bianchiostegal rays" — which articulate with the hyoid 

ajpch, and support a membrane — the 
branchiost^^ membiane." 
The heart of Fishes is, properly 
speaking, a branchial or respiratoiy 
heart. It consists of two cavities, 
an auricle and a ventricle (fig. 131, 
a, v), and the course of the circulation 
is as follows : — The venous blood de- 
rived firom the liver and from the body 
generally is poured by the vena cava 
into the auncle {a), and from this it is 
propelled into the ventricle (?'). From 
the ventricle arises a single aortic 
arch (the right), and the base of this is 
usually dilated into a cavity or sinus, 
called the "bulbus arteriosus" {m). 
The arterial bulb is sometimes covered 
with a special coat of striated muscular 
fibres, and is provided with several 
tiansverse rows of valves. In these 
cases, the bulbus acts as a kind of 
continuation of the ventricle, being 
capable of rhythmical contractions. 
The blood is driven by the ventricle 
through the branchial artery (n) to 
the gills, through which it is dis- 
tributed by means of the branchial 
vessels, the number of which varies 
(there are three on each side in a few 
fishes, in most of the bony fishes. 
Jive in the Skates and Sharks, and six or 
seven in the Lampreys). The aerated 
blood which has passed through the gills is not returned to the 
heart, but is driven from the branchire through all parts of 
the body; the ]iropulsive force necessary for this being derived 
chiefly from the heart, assisted by the contractions of the vol- 
untary muscles. In some fishes (as in the Eel) the return of 
the blood to the heart is assisted by a rhythmically contractile 
dilatation of the caudal vein. The essential peculiarity, then, 
of the circulation of fi^es depends upon this — ^that the arterial- 
ised blood returned from the gills is propelled through the sys- 
temic vessels of the body, without being sent back to the heart 




fig. 



. f^x*— Diagram of the cir> 
culation in a nsh. a Auricle, 
receiving venous blood from 
the bo(}y> v Ventricle; m 
Bulbus artenetus, at the hue 
of the branchial artery ; n 
Branchial arter>', carrying the 
M t\i K.s blood to the ^\\\s{bb); 
c Aorta, carrying the arterial- 
ised blood to aU paitt of the 
body. 
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The T.nnrelet {Ampkioxus\ alone of all Fishes, has no 
special heart, and the circulation is effected by contractile 
dilatations developed upon several of the blood-vessels. In 
the Mud-fish {Lcptdosiren) the heart consists of tu>o auricles 
and a single ventricle. The blood-corpuscles of Fishes are 
nucleated (fig. 122, e), and the blood is red in all except the 
Anip/iioxiis. 

As regards the digestive system of Fishes there is not much of 
peculiar importance. The mouth is usually furnished with a 
complicated series of teeth, which, in the Bony Fishes, are not 
only developed upon the jaws proper, but are also situated 
upon other bones which enter into the composition of the 
buccal cavity (such as the palate, the pterygoids, vomer, 
branchial arches, the glossohyal bone, &c; The oesophagus 
is usually short and capacious, and generally opens into a large 
and well-marked stomach. The pyloric aperture of the stomach 
is usually furnished with a valve, and behind it there is usunlly 
a number (from one to sixty) of blind appendages, termed the 
" pyloric caeca." These are believed to represent the pancreas, 
but there may be a recognisable pancreas either alone or in 
addition to the pyloric caeca. The intestmal canal is a longer 
or shorter, more or less convoluted tube, the absorbing surface 
of which, in certain fishes, is largely increased by a spiral 
reduplicature of the mucous membrane, which winds like a 
screw in close turns from the pylorus to the anus. The liver 
is usually large, soft, and oily, and a gall-bladder is almost 
universally present ; but in the Amjbhkxus the liver is doubt* 
fully represented by a hollow sac-luce oigan. ^ 

The kidnejrs of fishes are usually of great size, and form two 
elongated oigans, which are situated beneath the spine, and 
extend along the whole length of the abdominal cavity. Tlie 
ureters often dilate, and form a species of bladder, the doubtful 
representative of the allantois. 

Whilst the respiration of all fishes is truly aquatic, most of 
them are, nevertheless, furnished with an organ which is 
doubtless the homologue of the lungs of the air-breathing 
Vertebrates. This — the "air" or " swim bladder " — is a sac 
containing gas, situated beneath the alimentary tube, and 
often communicating with the gullet by a duct. In the great 
majority of fishes the functions of the air-bladder are certainly 
hydrostatic — that is to say, it serves to maaitaiii the necessary 
accordance between the specific gravity of the fish and that of 
the surrounding water. In the singular Mud-fishes, however, 
it acts as a respiratory organ, and is therefore not only the 
homologue, but also the analogue, of the lungs of the lugher 
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Vertebrates. In most fishes the air-bladder is an elongated 
sac with a single cavity, but in many cases it is variously sub- 
divided by septa. In the Mud-fish the au-bladder is composed 
of two sacs, completely separate from one another, and divided 
into a number of cellular compartments. The duct leading in 
many fishes from the air-bladder (ductus pneumaHcus^ opens 
into the oesophagus, and is the homologue of the wind-pipe 
{fronted). The air contained in the swim-bladder is composed 
mainly of nitrogen in most fresh-water fishes^ but in the sea- 
fishes it is mainly made up of oxygen. 

The nervous system of Fishes is of an inferior type of organ- 
isation, the brain being of small size, and consisting mainly of 
ganglia devoted to the special senses. As regards the special 
senses, there is one peculiarity which deser\^es special notice, 
and this is the conformation of the nasal sacs. The cavity of 
the nose is usually double, and is lined by an olfactory mem- 
brane, folded so as to form numerous plicae. Anteriorly, the 
water is admitted into the nasal sacs by a single or double 
nostril, usually by two apertures ; but posteriorly the nasal 
sacs are closed, aud do not communicate with the pharynx 
by any aperture. The only exceptions to this statement are 
to be found in the Myxinoids and in the Lepidosirea The 
essential portion of the oigan of hearing {labyrinth) is present 
in almost all fishes, but in none is there any direct communi- 
cation between the ear and the external medium. 

As regards their r^roductive system^ fishes are, for the most 
part, truly (roiparous^ the ovaries being familiarly known as the 

roe." The testes of the male are commonly called the " 
roe" or " milt.'* The products of the reproductive organs are 
often set free into the peritoneal cavity, ultimately finding their 
way to the external medium, either by means of an abdominal 
pore (or pores), or by being taken up by the open mouths of 
the " Fallopian tubes." In other cases the generative pro- 
ducts are directly conveyed to the exterior by the proper ducts 
of the reproductive organs. 
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CHAPTER LV, 

PHARYNGOBRANCHU AND MARSIPOBRANCHIL 

The class Pisces has been very variously subdivided by dif- 
ferent writers ; but the classification here adopted is the one 
proposed by Professor Huxley, who divides the class into the 
following six orders, in the subdivisions of which Professor 
Owen has been followed « — 

Order I. Pharyngobranchii (:s Cirrasim^ Owen; and 
Leptocardiaj Muller).^Thb order includes but a single fish, 
the anomalous Amphioxus lanceolaius^ or Lancelet^ the organ- 
isation of which differs in almost all important points from that 
of all the other members of the class. The oider is defined 
by the following characters, which, as will be seen, are mostly 
negative : — No skull is present, nor lower jaw (mandible), nor 
limbs. The notorhord is persistent ; and there are no verte- 
bral centra nor arches. No distinct brain nor auditory organs 
are present. In place of a distinct heart, pulsating dilatations 
are developed upon several of the great blood-vessels. The 
blood is pale. The mouth is in the form of a longitudinal 
fissure, surrounded by filaments or cirri. The walls of the 
phar}nix arc perforated by numerous clefts or fissures, the 
sides of which are ciliated, Liae whole exercising a lebpiiatury 
fimction. 

The Lancelet is a sin^lar little fish which is found burrow- 
ing in sandbanks, in various seas, but especially in the Medi- 
terranean. The body is lanceolate in shape, and is provided 
with a narrow membranous border, of tiie nature of a median 
fin, which runs along the whole of the dorsal and part of the 
ventral surface, and expands at the tail to form a lancet-shaped 
caudal fio. No true paired fins, representing the anterior and 
posterior limbs, are present. The mouth is a longitudinal 
fissure, situated at the front of the head, and destitute of 
jaws. It is surrounded by a cartilaginous ring, composed of 
many pieces, which give off prolongations, so as to form a 
number of cartilaginous ^laments or cirri on each side of 

VOL. II. z 
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the mouth. (Hence the name of Cirrostomiy proposed by 
Professor Owen for the order.) The throat is provided on 
eadi side with vascular lamelle, which are believed by Owen 




Fig. 132. — Diagram of the Lancelot [Amphioxus). m Mouth, surrounded by cartila- 
ginous cirri; / Greatly dilated oharynx, peiiurated by ciliated clefts; t Intestine, 
terminating inaiitis(«); A Hotm aynaa, with pulwHing dUrtatioM; «* Notochofd; 
M Spinal cord* 

to peifonn the function of free branchial filaments. The mouth 
leads into a dilated chamber, which is believed to represent the 
pharynx, and is termed the " pharyngeal " or " branchial sac" 
It is an elongated chamber^ the walls of which are strengthened 
by numerous cartilaginous filaments, between which is a series 
of transverse slits or clefts, the whole covered by a richly cili- 
ated mucous membrane. This branchial dilatation has given 
rise to the name Brayichiostoma^ often applied to the Lancelet, 
Posteriorly the branchial sac opens into an alimentary canal, to 
which is appended a long and capacious sac or caecum, which 
is believed to represent the liver. The intestinal tube termi- 
nates posteriorly by a distinct anus. Respiration is effected 
by the admission of water taken in by the mouth into the 
branchial sac, having previously passed over the free brandiial 
filaments before mentioned, llie water passes through the slits 
in the branchial sac, and thus gains access to the abdominal 
cavity, from which it escapes 1^ means of an aperture with 
contractile margins situated a little m front of the anus, and 
caUed the " abdominal pore." There is no distinct heart, and 
the circulation is entirely effected by means of several rhythmi- 
cally contractile dilatations which are developed upon several 
of the great blood-vessels. The blood itself is colourless. No 
kidneys have as yet been discovered, and there is no lymphatic 
sjrstem. There is no skeleton properly so called. In place of 
the vertebral column, and constituting the whole endoskeleton, 
is the semi-gelatinous cellular notochord, enclosed in a fibrous 
sheath, and giving off fibrous arches above and below. The 
notochord is, further, peculiar in this, that it is prolonged quite 
to the anterior end of the body, whereas in all other Vertebrates 
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it stops short at the pituitary fossa. There is no cranium, and 
the spinal cord does not expand anteriorly to form a distinct 
cerebral mass. The brain, however, may be said to be repre- 
sented, since the anterior portion of the nervous axis gives off 
nerves lo a pair of rudimentary eyes, and another branch to a 
ciliated pit, believed to represent an olfactoiy organ. The 
generative oigans ^ovaria and testes) are not iumished widi 
any efferent ducts (oviduct or vas d^erens). The generative 
products, therefore^ must be admitted into the abdominal 
cavity, and gain the extendi medium by the abdominal 
pore." 

Order II. Marsipobranchii (= Cychstomi^ Owen; and 
Cyclostomata^ Miiller). — This order includes the Lampreys 
{Feiromyzonidai) and the Hag -fishes (Myxtnida^, and is de- 
fined by the following characters : — The body is cylindrical, 
worm like, and destitute of limbs. The skull is cartilaginous, 
\vithout cranial bones, and having no lower jaw (mandible). 
The notochord is persistent, and there are either no vertebral 
centra, or but the most rudimentary traces of them. The heart 
consists of one auricle and one ventricle, but the branchial 
artery is not furnished with a bulbus arteriosus. The gills are 
sac-like, and are nut ciliated- 

The type of piscine organisation displayed in the Marsipo^ 
branckii is of a veiy low grades as indicated chiefly by the 
persistent notochord without vertebral centra, the absence of 
any traces of limbs, the absence of a mandible, and the struc- 
ture of the gills. 




d 




TTig. 133. — A, Lamprey {Petromyzofi), showing the siiclcinK-mouth and the apertures 
of the gUl-Sacs. B, Diaeram to illustmtc the structure of the gills in the Lamprey : 
a Pharynx ; i Tube leading from the pharynx into one of the Eill-saas ; c One of 
t the gill-sacSi showing lining membrane tlirawn into folds : a External opening 
of the gill-sac (In reality the gill-sacs do not open directly into the pharynx, but 
into a common respiratory tube, which is omitted for the sake of clearness.) 

Both the Lampreys (fig. 133, A) and the Hag-fishes are 
vermifonn, eel4ike fishes, whidi agree in possessing no paired 
fins, to represent ^ Hmbs, but in having a median fin running 
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round the hinder extremity of the body. The skeleton re- 
mains throughout life in a cartilaginous condition, the chorda 
dorsalis is persistent, and the only traces of bodies of vertebrae 
are found in hardly perceptible rings of osseous matter de* 
veloped in the sheath of the notochord. The neural arches of 
the vertel>rre, enclosing the spinal cord, are only represented 
by cartilaginous prolongations. The mouth in the Hag-fish 
(Myxine) is of a very remarkable character, and enables it to 
lead a very peculiar mode of life. It is usually found, namely, 
embedded in the interior of some other larger fish, into which 
it has succeeded in penetrating by means of its singular dental 
apparatus, i lie mouth is sucker-like, destitute of jaws, but 
provided with tactile filaments or cirri. In the centre of the 
palate is fixed a single, large, recurved fang, which is firmly 
attached to the under sur&ce of the cranium. The sides of 
this fang are strongly serrated, and it is \ff means of this 
that the Hag-fish bores its way into its victim, having previ- 
ously attached itself by its sucker-like mouth. In the Lam- 
preys the mouth has also the form of a circular cup or sucker, 
and is also destitute of jaws; but in addition to &e palatine 
fang of the Myxine^ the margins of the lips bear a number of 
horny processes, which are not really true teeth, but are hard 
structures developed in the labial mucous membrane. The 
tongue, also, is armed with serrated teeth, and acts as a kind 
of piston j so that the lampreys are in this manner enabled to 
attach themselves firmly to solid objects. 

A very remarkable peculiarity in the Hag-fishes, and one 
very necessary to remember, is found in the structure of the 
nasal sacs. In all fishes, namely, except these and the Mud- 
fishes (Lepidosirm\ the nasal sacs are closed behind, and do 
not open posteriorly into the throat In the M3^noids, how- 
ever, such a communication exists, and the nasal sac — ^for 
there is only one — is placed in communication widi the cavity 
of the moudi by means of a canal which perflates the i^ate. 
In front the nasal cavity communicates with the external me- 
dium by a second tube, which opens on the top of the head 
by a single aperture, which is often called the spiracle," and 
which is in reality an unpaired nostril In the Lampreys, on 
the other hand, the single nasal sac has the same structure as 
in the typical fishes — that i?; to say, it h closed behind, and 
does not communicate in any way with the cavity of the 
mouth. 

Another very remarkable point in the Hag-fishes and Lam- 
preys is to be found in the structure of the gills, from which 
the name of the order is derived In the Lampreys, in place 
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of the single gill-slit, covered by a gill-cover, as seen in the 
ordinary bony fishes, the side of the neck, when viewed ex- 
ternally, exhibits six or seven round holes placed far back in a 
line on each side (fig. 133, A). In the Hag-fishes the external 
apotures of the gills are reduced to one on each side, placed 
below the head ; but the internal structure of the giUs is the 
same in both cases. In both the Lampreys and the Hag-fishes, 
namely, the gills are in the form oi sacs or pouches (fig. 133, B), 
the mucous membrane of which is thrown into folds or plaits 
like tlie leaves of a book, over which the branchial vessels 
ramify. Internally the sacs communicate with the cavi^ of 
the pharynx, either directly or by the intervention of a common 
respiratory tube. It follows from this, that the gill-pouches on 
the two sides, with their included fixed branchial laminae, com- 
municate freely with one another through the |)liarynx. The 
object of this arrangement appears to be mamly that of ob- 
viating the necessity of admitting water to the gills through the 
mouth, as is the case with the ordinary bony fishes. These 
fishes are in the habit of fixing themselves to foreign objects 
by means of the suctorial mouth ; and when in this position it 
is, of course, impossible that they can obtain the necesssuy 
water of respiration through the mouth. As tlie branchial 
pouches, however, on the two sides of the neck communicate 
freely with one another through the pharynx, water can readily 
pass in and out This, in Sie Lampreys, is further assisted 
by a kind of elastic cartilaginous fi^amework upon which the 
respiratory apparatus is supported, and which acts somewhat 
like the ribs of the higher Vhieira/a. Water can also be 
admitted to the pharynx, and thence to the branchial sacs, by 
means of a tube which leads from the pharynx to an aperture 
placed on the top of the head. 

The Lampreys are, some of them, inhabitants of rivers ; but 
the great Sea-lamprey {Fetromyzon marinus) only quits the 
salt water in order to spawn. The Hag-fish (Afyxirie giutinosa) 
is an inhabitant of the North Sea, and is commonly captured 
on the Norwegian coast 



CHAPTER LVL 

TELEQSTEL 



Order III. Teleostbi.— This order includes the great ma- 
jority of fishes in which theie is a well-ossified endoskeleton^ 
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and it correspouds very nearly with Cuvier's division of the 
" osseous" fishes. The Tdmtd are defined as follows : — ^The 
skeleton is usually well ossified \ the cianiam is provided with 
cranial bones ; and a mandible is present; whilst the vertebral 
column almost alvrays consists of more or less completely os$i- 
fied vertebrae. The pectoral arch has a davide ; and the two 
pairs of limbs, when present, are in the form of fins supported 
by rays. The gills are free^ pectinated or tufted in shape ; a 
bony gill-cover and branchiostegal rays being always devel- 
oped. The branchial artery has its base developed into a bul- 
bus arteriosus ; but this is never rhythmically contrac tile, and 
is separated from the ventricle by no more than a single row 
of valves. 

The order Tcleostei comprises almost all the common fishes ; 
and it will be imnecessary to dilate upon their structure, as 
they were taken as the types of the class in giving a general 
description of the Fishes. It may be as well, however, to 
reeapitulate very brieiiy some of the leading characters of lire 
order. 

I. The Meim^ instead of remaining diroughout fife more 
or less completely cartilaginous, is now always more or less 
dioroughly ossified. The notodiord is not persistent, and the 
vertebral column, though sometimes cartilagmous^ consists of a 
number of vertebrae. The bodies of the vertebrse are what is 
called amphicoelous" — that is to say, they are concave at 
both ends. It follows kom this, that between each pair of 
vertebrae there is formed a doubly-conical 'cavity, and this is 
filled with the cartilaginous or semi-gelatinous remains of the 
notochord. By this means an extraordinar)' amount of flexi- 
bihty is given to the entire \ crtebral column. In no fish except 
tire Bony Pike (which belongs to the order Gafwidei) is the 
ossification of the vertebral centra carried further than this. 
The skull is of an extremely complicated nature, being com- 
posed of a number of distinct cranial bones; and a mandible 
or lower jaw^ is invariably present 

II. The anterior and posterior pahs of limbs are usually, but 
not always, present, and when developed tiiey are always in 
the form of fins. The fins may be supported by " spinous** or 
" soft" rays, of which the former are simple undivided spines 
of bone, whilst the Utt^ are divided transversely into a num- 
ber of ^ort transverse pieces, and also are broken up into a 
number of longitudinal rays ]^roceedmg from a common root 
(The Fishes with soft rays in their paired fins are termed 
" Malacopterygir — ^those with spinous rays, " AcanthopterygiiJ^) 

IIL Besides the paired fins^ representing the limbs, there is 
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a variable number of unpaired or azygous integumentary ex- 
pansions, which are known as the "median fins." When fully- 
developed (fig. 129), they consist of one or two fins on the 
back — the '* dorsal " fins ; one or two on the ventral surface — 
the " anal " fins ; and one clothing the posterior extremity of 
the body — the " caudal" fin. The caudal fin is set vertically, 
and not horizontally, as in the Whales and Dolphins; and in all 
the bony fishes its form is " homocercal" — that is, it consists of 
two equal lobes, and the vertebral column is not prolonged 
into the superior lobe. In all the median flhs the fin-rays are 
supported upon a series of dajpger-shaped bones, whidi axe 
plunged in the flesh of the middle line of the body, and are 
attached to the spinous processes of the vertebrae. These are 
the so-called " interspinous" bones. 

IV. The heart consists of two chambers — ^an auricle and a 
yentridey and the branchial artery is furnished with a bulbus 
arteriosus. The arterial bulb, however, is not furnished with a 
special coat of striated muscular fibres, is not rhythmically con- 
tractile, and is separated from the ventricle by no more than a 
single row of valves (fig. 134, A). 



1%. 134.— A. Heart of the Angler {Lo^hUts tituiitniii^ B» Arterial bulb of Bony 
Pike (Lt^tdM^Mt) cut open. C, nmxt cf nw wine, vMwed esleimlly: « Aoiiek ; 
frVcntride; i Arterial buUk 

V. The respiratory organs consist of free, pectinated, or tufted 
branchiae, situated in two branchial chambers, each of which 
communicates internally with the pharynx by a series of clefts, 
and opens externally on the side of the neck by a single aper- 
ture (or "gill-slit "), which is protected in front by a bony gill- 
cover, and is also closed by a " branchiostegal membrane," sup- 
ported upon "branchiostegal rays." The branchiae are attached 
to a series of bony branchial arches, which are connected in- 
feriorly with the hyoid bone and superiorly with the skull ; and 
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the water required in respiration is taken in at the mouth by a 
process analogous to sirallowing. 

VI. The nasal sacs never communicate posteriorly with the 

cavity of the pharynx. 

The subdivisions of the osseous fishes are so numerous, and 
they contain so many famiHes, that it will be sufficient to run 
over the more imjjortant sub-orders, and to mention the more 
familiar examples of each. 

Sub-order A. Malacopteri, Owen (= Physostomata^ Miil- 
ler). — This sub-order is defined by usually possessing a com- 
plete set of fins, supported by rays, all of which are " soft " or 
many-jointed, with the occasional exception of the first rays in 
the dorsal and pectoral fins. A swim-bladder is always present, 
and always communicates with the cesophagus by means of a 
duct, which is the homologue of the windpipe. The skin is 
lardy naked, and is mostly furnished with cycloid scales; but 
in some cases ganoid plates are present 

This sub-order is one of great importance, as comprising 
many well-known and useful fishes. It is divided into two 
groups, according as ventral fins are present or not. In the 
first group — Apoda — there are no ventral fins ; and the most 
famihar examples are the common Eels of our own country. 
More remarkable, however, than the ordinary Eels is the 
Gymnotus ekctricus^ or great Electric Eel, which inhabits the 
marshy waters of those wonderful South American plains, the 
so-called "Llanos." This extraordinary fish (fig. 13.5) is from 




Fig. 135. — Electric Eel {Gymnotus fitxtricus). 

five to six feet in length, and the discharge of its electrical 
organs is sufficiently powerful to kill even large animals. The 
following striking account is given by Humboldt of the manner 
in which the Gytnnoti are captured by the Indians : — " A 
number of horses and mules are driven into a swamp which is 
closely surrounded by Indians, until the unusual disturbance 
excites the daring fish to venture an attack. Serpen t-hke, 
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they are seen swnmning along the surface of the water, striving 
cunningly to glide under the bellies of the horses. By the 
force of their invisible blows numbers of the poor animals are 
suddenly prostrated ; others, snorting and panting, their manes 

erect, their eyes wildly flashing terror, nish madly from the 
raging storm ; but the Indians, amied with long bamboo Staves, 
drive them back jnto the midst of the pool. 

By degrees the fury of this unequal contest begins to 
slacken. Like clouds which have discharged their electricity, 
the wearied eels disperse. They require long rest and nourish- 
ing food, to repair tiic galvanic force which they have so 
lavishly expended. Their shocks gradually become weaker 
and weaker. Toiified by the noise of the trampling horses, 
they timidly approach the banks of the morass, where they are 
wotmded by harpoons, and drawn on shore by nonconducting 
pieces of dry woOd. 

" Such is the remarkable contest between horses and fish* 
That which constitutes the invisible but living weapon of these 
inhabitants of the waters — that which, awakened by the con- 
tact of moist and dissimilar particles, circulates through all the 
organs of animals and plants — that which, flashing amid the 
roar of thunder, illuminates the wide canopy of heaven—which 
binds iron to iron, and directs the silent recurring course of 
the magnetic needle — all, like the refracted rays of light, flow 
from one common source, and all blend together into one 
eternal all-pervading power.*' 

The second group of the Mafacopteri is that of the Abdomi- 
naiia, in which there are vciiLral lius, and these are abdominal 
in position. Space will not permit of more here than merely 
mentioning that in this section are contained amongst others 
the well-known and important groups of the Chtpeida (Herring 
tribe), the Pikes {Esaada\ the Carps (Cyprinida)^ ^^SUmop- 
HxifUBy and the Sahnomda, comprising the various species of 
Salmon and Trout. Also belonging to this group are the 
SKeat-fishes {SUuridm)^ which are chiefly noticeable because 
tiiey are amongst the small number of living fishes possessed 
of structures of the same nature as the fossil spines known as 
" ichthyodorulites." The structure in question consists of the 
first ray of the pectoral fins, which is largely developed and 
constitutes a formidable spine, which the animal can erect and 
depress at pleasure. Unlike the old "ichthyodorulites," how- 
ever, the spines of the Siluridce. have their bases modified for 
articulation with another bone, and they are not simj)ly hollow 
and implanted in the flesh. The " Siluroids " are also rt iiKirk- 
able for theu lesemblance to cerLaia of tiic cxUncl Ganoid 
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fishes {e.g.., Fferichthys^ CoccosteuSy &c.), caused by the fact that, 
the head is protected with an exoskeleton of dermal bones. 

Sub-order B. Anacanthini. — This sub-order is distin- 
guished by the fact that the fins are entirely supported by 
" soft " rays, and never possess " spiny " rays ; whilst the ven- 
tral fins are either wanting, or, if present, are placed under the 
throat, beneath or in advance of the pectorals, and supported 
by the pectoral arch. The swim-bladder may be wanting, but 
when present it does not communicate with the oesophagus by 
a duct 

As in the preceding oider, the Anacanihini are divided into 
two groups^ distinguished by the presence or absence oi the 
ventral fins. In the first of these groups {ApM^ are only a 
few fishes, of which one of the most familiar examples is the 
little Sand-eel (Ammodytes lancea\ which occurs on all our 
coasts. In the second group {Sttb-brachiata) in which ventral 
fins exist, are the two important families of the Gadida and 
PlmrofiedidcR. The GadidcB or Cod family, comprising the 
Haddock, Whiting, Ling, and Cod itself, is of great value to 
man, most of its members being largely consumed as food. In 
the Pleuronectidce or Flat-fishes are comprised the Sole, Plaice, 
Turbot, Halibut, Brill and others, in all of which there is a 
very curious modification in the form of the body. The body, 
namely, in all the Fiat-fishes (fig. 136) is very much compressed 



Fig. Z36. — Pleuronectidae. Rhombus ^nctatus. Natural size (after Gosse}. 



from side to side, and is bordered by long dorsal and anal fins. 
The bones of the head are twisted in such a manner that the 
two eyes are both brought to one side of the body. The fish 
usually keeps this side uppermost and is daik-coloured on this 
aspect, whilst the opposite side, on which it rests^ is white. 
From this habit of the Flat-fishes of resting upon one fiat sur* 
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face, the sides are often looked upon as the dorsal and ventral 
surfaces of the body. This, however, is erroneous, as they are 
showTi by the position of the paired fins to be truly the lateral 
surfaces of the body. 

Sub-order C. Acanthopieri. — I his sub-order is charac- 
terised by the fact that one or more of the first rays in the fins 
are in the form of true^ unjointed, inflexible, spiny rays. 
The exoskeleton consists, as a rule, of ctenoid scales, llie 
ventral fins are generally beneath or in advance of the pectorals, 
and the duct of the swim-bladder is invariably obliterated 

This sub-order comprises two families : — 

n. The PharyngognatH^ in which the inferior pharyngeal 
bones are anchylosed so as to form a single bone, which is 
usually armed with teeth. The family is not of much import- 
ance, the only familiar fishes belonging to it being the 
** Wrasses " ( Cydolabridm). 

b. The Aavithoptcri vert, characterised by having always 
Spiny rays in the hrst dorsal fin, and usually in the first rays of 
the other fins, whilst the inferior pharyngeal bones are never 
anchylosed into a single mass. This family includes many 
subordin:ite groups, and may be regarded as, on the whole, 
the most typical division of the Tclcostean Fishes. It will not 
be necessary, however, to do more than mention as amongst 
the more important fishes contained in it, the Perch fiunUy 
(Pereidm\ the Mullets (Mugilida), the Mackerel fismiily {Scm- 
aerida), the Gurnards {Sderogenidce), the Gobies (Gab^da), the 
Blenmes (BlermHdiB)^ and the Anglers {Laphiidaf)* 

Sub-order D. Plectognathi. — ^This sub-onler is charac- 
terised by the fact that the maxillary and premaxillary bones 
are immovably connected on each side of the jaw. The endo- 
skeleton is only partially ossified, and the vertebral column 
often remains permanently cartilaginous. The exoskeleton is 
in the form of ganoid plntes, scales, or spines. The ventral 
hns are generally wanting, and the air*bladder is destitute of a 
duct 

The most remarkable fishes of this section are the Trunk- 
fishes {Ostraciontidce, fig. 137), in which the body is entirely 
enclosed, with the exception of the tail, in an immovable case, 
composed of large ganoid plates, firmly united to one another 

at their edges. 

Besides the Trunk-fishes, this section also includes the File- 
fishes (BaUsHdm) and the Globe-fishes (Gymnodmiidd^ 

Sub-order £. Lophobranchii. — This is a small and 
unimportant group, mainly characterised by^ the peculiar struc- 
ture of the gills, which are arranged in little tufts upon the 
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branchial arches, instead of the comb-like plates of the typical 
bony fishes. The endoskeleton is only partially converted into 
bone, and the exoskeleton, by way of compensation, consists 
of ganoid plates. The swim-bladder is destitute of an air- 
duct 




Fig. 137.— OitiMioiitid» Homed Thuak-fiih {OHtvebm €tmi$ims% 

The singular Sea-horses {HippocavipidcE)^ now kept in most of 
our large aquaria, belong to this sub-order, but the only point 
about them which requires notice is the curious fact that the 
males in this family are provided with a sort of marsupial pouch, 
into which the eggs are placed by the female, and to which the 
young, when hatched, can retire if threatened by any danger. 
This singular cavity is only found in the males, and is situated 
at the ba^ of the tail More familiar than the Sea-horses are 
the Pipe-fishes (Syngnaihidd^^ of which one species occurs com- 
monly on our shores. 



CHAPTER LVIL 
GANOIDEL 

Order IV. Ganoidei. — The fourth order of fishes is the 
large and important one of the Ganoid fishes, represented, it 
is true, by few living forms, but having an enormous develop- 
ment in past geological epochs. For this reason the study of 
the Ganoid fishes is one which claims considerable attention. 

The order Gamidei may be defined by the following charac- 
ters:— The endoskeleton is only partially ossified, the verte- 
bral column mostly remaining cartilaginous throughout life, 
especially amongst the extinct forms of the Paleozoic period, 
in which the notochord is peisistent The skull is fiimished 
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with distinct cfanial bones, and the lower jaw is present The 
exoskeleton is in the form of ^noid scales, plates, or spines. 
There are usually two pairs of Bmbs, in the form of fins, each 
supported by fin-rays. The first rays of the fins are mostly in the 
form of strong spines. The pectoral arch has a clavicle^ and 
the posterior limbs (ventral fins) are placed close to the anus. 
The caudal fin is mostly unsymmetrical or " heterocercal." The 
ST^nm-bladder is always present, is often cellular, and is provided 
with an air-duct. The intestine is often furiiishcd with a spiral 
valve. The gills and opercular apparatus are essentially the 
same as in the Bony fishes. The heart has one auricle and a 
ventricle, and the base of the branchial artery is dilated into a 
bulbus arteriosus, which is rhythmically contractile, is furnished 
with a distinct coat of striated muscular fibres, and is provided 
with several transverse rows of valves. 

Of these characters, the ones which it is most important to 
remember are the following : — 

I. The mdaskdeton is rarely thoroughly ossified, but varies a 
good deal as to the extent to which ossification is cairied. In 
some fonns, including most of the older members of the order, 
the diorda dorsalis is persistent, no vertebral centra are de- 
veloped, and the skull is cartilaginous, and is protected by 
ganoid plates. Even in these forms, however, the peripheral 
elements of the vertebrae are ossified. In others, the bodies of 
the vertebrae are marker! out by osseous or semi-cartilaginous 
rings, enclosing the primitive matter of the notochord. In 
others, the vertebrae are like those of the Bony fishes — that is 
to say, deeply biconcave or " amphicoelous." In one Ganoid, 
however — the Bony Pike (yLepidosteus) — the vertebral column 
consists of a series of " opisthoccelous " vertebrae — that is to 
say, vertebrae which are convex in front and concave behind. 
This is the highest point of development reached in the spinal 
column of any fi^, and its structure is more Reptilian than 
Piscine. 

II. The exoshddm consists in all Ganoid fishes of scales, 
plates, or spines, which :m said to possess ganoid characters. 
The peculiarities of these scales are diat they are composed of 
two distinct layers^ — ^an inferior layer of bone and a superficial 

covering of a kind of enamel, somewhat similar to the enamel 
of the teeth, called ''ganoine." In form the ganoid scales 
most generally exhibit themselves as rhomboidal plates, placed 
edge to edge, without overlapping, in oblique rows, the plates 
of each row being often articulated to those of the next by dis- 
tinct processes (fig. 124, d). In other cases the ganoid struc- 
tures are simply in the foim of detached plates, tubercles, or 
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spines ; and in some cases their shape is even undisdnguishable 
from the homy scales of the typical Tdeostean fishes. In all 
cases, however, whatever their form may be, they have the dis- 
tinctive ganoid stmcture, being composed of an inferior layer 
of true bone and a superior layer of enamel. It is to be re- 
membered, however, that these ganoid plates and scales are 
not confined to the fi^^hes of the order Ganoidei^ but that they 
occur in two sub-orders of the Bony tishes — namely, the Plec- 
tognathi and LophobranchU — and in some others of the Tdeosid 
as well. 

TTI. As to the fins^ both pectorals and ventrals are usually pre- 
sent, and the ventrals are always placed far back in the neighbour- 
hood of the anus, and are never situated in the immediate vicinity 
of the pectorals. In some living and many extinct forms the tin- 
rays of the paired fins are arranged so as to form a fringe round 
a central lobe (fig. 1 38). This structure characterises a division 
of Ganoids called by Huxley, for this reason, Crossapierygida, or 
" Mnge-finned." The form of the caudal fin varies, the Ganoids 
being in this respect intermediate between the Bony fishes, in 
which the tail is " homocercal," and the Sharks and Rays, in 
which there is a " heterocercal " caudal fin. In the majority 
of Ganoids, then, the tail is unsymmetrical or heterocarcal," 
but it is sometimes equi-lobed or " homocercal" 

IV. As to the structure of the respiratory organs^ the Ganoid 
fishes agree essentirilly with the Borty fishes. They all possess 
free pectinnted gills attached to branrhial arches, and enclosed 
in a branchial chamber, which is protected liy an operculum, 
and is closed by a branchiostegal membrane, usually supported 
by branchiostegal rays. Besides the ordinary branchiae there 
is frequently an additional gill, called the " opercular bran chia,'* 
attached to the interior of each operculum, and below this a 
false gill or " pseudo-branchia," which receives arteriaiised 
blood only. 

Y. There is always a swim-bladder, which is often divided 
by partitions into several cells, and is always connected with 
the gullet by an air-duct, as in the Malacopterous division of 
the Teleostean fishes. 

VI. As to the structure of the hearty the Ganoids differ firom 
the Bony fishes, and agree with the Sharks and Rays in having 
a rh3rthmically contractile bulbus arteriosus, which is furnished 
with a special coat of striated muscular fibres, and is separated 
from the ventricle by several rows of valves (fig. 134, B, C). 
This is a decided advance in structure, a;^ in this way the ar- 
terial bulb is enabled to act as a continuation of the ventricle. 

VII. The intestine is often furnished with a spiral redupli- 
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cation of its maooas membrane, forming a spiral Talve, sach as 
we shall afterwards see in the Sharks and Rays. 

The order of the Ganoid fishes is divided by Owen into the 
two divisions of the Lepidoganoidei and the Placoganoidei. The 
best-known living fishes belonging to the Lepidoganoids are the 
Bony Pike and the Polypterus. The Bony Pike (Lepidos/nts) 
inhabits the rivers and lakes of North America, and attains a 
length of several feet The body is entirely clothed with an 
armour of ganoid scales, arranged in obliquely transverse rows. 
The vertebral column is exceedingly well ossified, and is rep- 
tifian in its characters, the bodies of the vertebrae being opis- 
thdooelous." The jaws fonn a long narrow snout, armed with 
a doable series of teeth ; and the toil is heterocercaL 



Fig. 138. — Ganoid Fishes. A, Polypterus; B, OsUoiepis itx\.\ncx). a One of the pec- 
toral fins, showing the fin-rays arranged round a ceutlM lobe; ^ One of thOTOnbol 
fins; c Anal fin; i/Donalmi; <^ Second donal fin. 



The Polyfterty of which several species are known, inhabit 
&e Nile, Soiegal, and other African rivers, and are remaikable 
for the peculiar structure of the dorsal fin (fig. 138, A), which 
is broken up into a number of separate portions, each composed 
of a single spine in front, with a soft fin attached to it behind. 
Two species of PdypUrus have recently been stated to possess 
^x/^r/^Abranchias when young, losing them when fully ^^rown. 
This observation, if confirmed, will bring the Ganoids mto a 
nearer relationship with the Mud-fishes {Lepidosiren), 

The section Plaa^cmMd\iii^!oA't'& the largest and best known 
of all the living Ganoid fishes — namely, the Sturgeons — and it 
also contains some highly singular fossil forms. The sub- order 
is defined by the iact that the skeleton is always imperfectly 
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ossified, and often retains the notochord, whilst the head and 
more or less of the body are protected by large ganoid plates, 
which in many cases are united together at their edges by 
sutures. The tail is heterorercal. 

The family Sturionida comprises the various species of Stur- 
geon, which are found in the North, Black, and Caspian seas, 
whence they ascend the great rivers for the purpose of spawn- 
ing. Other allied forms are peculiar to the North American 
continent (e. g.^ the Faddle-fish, SpaitUaria), The vertebral 
column in the Sturgeon remains permanently in an embiyonic 
condition. The notochord is persistent, and the vertebral 
centra are wanting, but the neural arches of the vertebras reach 
die condition of cartilage. The mouth is destitute of teeth, 
and the head is covered with an armour of large ganoid plates 
joined together at their edges by suture. Rows of detached 
ganoid plates also occur on the body. The various species of 
Sturgeon attain a great size, one — the Beluga— often measur- 
ing twelve or fifteen feet in length. They are commercially of 
considerable importance, the swimmmg-bladder yielding most 
of the ising/ass of commerce, wliilst the roe is laigely employed 
as a delicacy under the name of ccwiare. 

Two or three fossil forms belonging to the Sturionidce are all 
that are at present knovvTk ; and by far the greater number of 
extinct Placoganoids belong to the family Ostracosteiy estab- 
lished by Owen, and characterised by the fact that the head, 
and generally the anterior part of the trunk as well, was encased 
in a strong armour composed of numerous large ganoid plates, 
immovably joined to one another. The posterior extremity of 
the body was more or less completely unprotected, and, whilst 
the notochord was persistent, the peripheral elements of the 
vertebrae — namely, the neural and haemal spines — were ossified. 
The following are the more remarkable forms belonging to this 
section : — 

a. Pterichthys. — This is one of the most singular of fossil 
fishes, and was first discovered in the Old Red Sandstone hy 
the late Hugh Miller. The whole of the head and the anterior 
part of the trunk were defended by a buckler of larere ganoid 
plates, those covering the trunk ionning a back-plate and a 
breast-pkiie, articulated together at the sides. 

The rest of the body was covered with small ganoid scales 
(fig. 140). A small dorsal hn, a pair of ventrals, a pair of pec- 
torals, *and a heterocercal tail-fin were present. The form of 
the pectoral fins is the peculiar characteristic of the Fierichfhys, 
These were in the form of two long curved spines, something 
like wings, covered by finely tuberculated ganoid plates. From 



Digitized by Google 



QANOIDEL 369 

their form, they cannot have been of much use in swimming ; 
but they probabfy^ as suggested by Owen, enabled the fish to 
shuffle along the sandy bottom of the sea, if left diy at low 
water. 

Pteraspis, — In most respects tbis genus was not unlike 
Pterichthys^ but it did not possess the peculiar pectoral fins of 
the latter. One species of Pteraspis has been found in the 
Upper Silurian Kocks (Ludlow), and is as yet one of the earliest 
known indications of the appeaiance of the great sub-kingdom 
Veriebrata upon the globe. 

c. Cephalaspis (fig. 139). This, again, is not unlike Pterich- 
thys in many respects. The cephaUc buckler, however, has 
its posterior angles produced backwards, so as to give it the 
shape of a saddler's knife," whilst the pectoral limbs had not 
the form of spines. 



" Fig. Cephalaspis LyelliL 

d. Coccosteus (fig. 140). — This is another characteristic 
genus of the Old Red Sandstone. In this genus, as in the 
preceding, there is a cephalic buckler, the plates of which are 




Fig. 140.— I. Coccosteus decipiens; a. Pterichthys MilUri. 



covered with small hemispherical tubercles. The notochord 
was persistent, but the neural and haemal spines, and the rays 
of the dorsal and ventral fins, are well ossified. A large heter- 
ocercal tail-fin was doubtless present as well 
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CHAPTER LVIIL 

ELASMOBRANCHU AND DIPNOI,. 

Order V. Elasmobranchii (= Selachia, Miiller; Placoidei^ 
Agashiz; Ilolocephaii dXi<X Fiagiosfomt, Owen). — This order in- 
cludes the Sharks, Rays, and Chimgeras, and corresponds with 
the greater and most typical portion of the ChondropierygidcE or 
Cartilaginous Fishes of Cuvier. The order is distinguished by 
the following characters The skull and lower jaw are well 
developed, but there are no cranial bones, and the skull con- 
sists of a single cartilaginous box, without any indication of 
sutures. The vertebral column is sometimes composed of dis* 
tinct vertebrae, sometimes cartilaginous or sub-notochordal. The 
exoskeleton is in the form of placoid granules, tubercles, or 
spines. There are two pairs of fins, representing the limbs, 
and supported by cartilaginous fin-rays; and the ventral fins 
are placed far back near the anus. The pectoral arch has no 
clavicle. The heart consists of a single auricle and ventricle, 
and the bulbus arteriosus is rhythmically contractile, is pro- 
vided with a special coat of striated muscular fibres, and is 
furnished with several transverse rows of valves. The gills are 
pouch-like. 

In most of the above characters it will be seen at once that 
the Elasmobranchii agree with the Ganoid fishes, especially as 
regards the structure of the heart. The following points of 
difference, however, require more special notice : — 

I. The exoskddm is what is called by Agassiz " placoid.** 
It consists, namely, of no continuous covering of scales or 
ganoid plates, but of more or less numerous detached grains, 
tubercles, or spines, composed of bony matter, and scattered 
here and there in the integument In the case of the Rays, 
these placoid ossifications often take a veiy singular shape^ 
consisting (fig. 1 24, c) of an osseous or cartilaginous disc, from 
the upper surface of which springs a sharp recurved spine, 
composed of dentine. 

IT. The gills are fixed and pouch-like, and differ very mate- 
rially from those of the Bony and Ganoid fishes. In the case 
of the Sharks and Rays, the structure of the gills is as follows: 
— The branchial arches are fixed, and the branchial laminae 
are not only attached by their bases to the branchial arches, 
but are also fixed by the whole of one margin to a series of 
partitions, which divide the branchial chamber into a number 
of distinct pouches (fig. 141). Each partition, therefore, car- 
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lies a series of branchial laminae attached to each side like the 
leaves of a book. By means of these septa a series of branchial 
sacs or pouches are formed, each of which opens internally 
into the pharynx by a separate slit, and communicates exter- 
nally with the water by a separate aperture placed on the side 
of the neck (fig. 141, B). The arrangement of the gills being 
such, there is, of course, no gill-cover, and no branchiostegal 
membrane or rays. In one section of the order, however — 
viz., the Holocephali — though the internal structure of the gills 
is the same as the above, there is only a single branchial aper- 
ture or gill-slit externally^ and this is protected by a rudiment- 
ary operculum and biandiio8tc|^ lays. 




Fig. 141. — A, Head of Piked Dog-fish (S/irtttx), showing the transverse mouth on 
the under surface of the head, and the apertures of the gill-pouches. B, Diagram 
of the structure of the ^ll-povichcs : oo Kxtcrnal apertures; S« Apertons Icidillg 
into the pharynx i s s GiU-sacs, containing t^e fixed gills. 

III. Another character in the Elasmobranchii^ shared, how- 
ever, by many of the Ganoids, is the structure of the intestinal 
canaL The intestine is extremely short ; but, to compensate 
for this, there is a peculiar folding of the mucous membrane^ 
constituting what is known as the "spiral valve." The mucous 
membrane^ namely, from the prylorus to the anal aperture, is 
folded into a spiral reduplication, which winds in dose coils 
round the intestine, like the turns of a screw. By this means 
the absorptive surface of the intestine is enormou^y increased, 
and its shortness is thus compensated for. 

The order Elusmobranchii is divided into two sub-orders — 
the Holocephali, characterised by the mouth being terminal in 
position, and there being only a single gill-slit ; and the Flagio- 
stomij in which the mouth is transverse, and placed on the 
under surface of the head (fig. 141, A), and there are several 
branchial apertures on each side of the neck. 

Sub-order A. Holocephali. — This sub-order includes cer- 
tain curious fishes, of which the only living forms are the 
ChimczridcR. The notochord is persistent ; but the neural 
arches and transverse processes are cartilaginous. The jaws 
are bony, and are covered by broad plates representing the 
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teeth. The exoskdeton consists of placoid granules. The 

first ray of the anterior dorsal fin is in the form of a powerful 
defensive spine, like the ichthyodoruHtes " of many fossil 
fishes. The ventral fins are abdominal, and the tail is hetero- 
cercal. There is only a single external gill-aperture, covered 
with a gill-cover and branchiostegal membrane ; but only a 
small portion of the borders of the branchial laminae is free. 
The mouth is placed at the extremity of the head. 

The best-known living representative of the sub-order is the 
Chimcera monstrosa (fig. 142, B), commonly known as the 
*'king of the Herrings." In the Secondly and Tertiary 
Kecks, however, are found several fossil forms, constitating 
the genera Edaphodus^ E&umadus^ and Isduodus. 




Fif. x4ab>*Plagiostomi and HoIocq)liall A. White Shatk {fian^uaiaii \ 
Ckimtmnmiuirmit, (After GoaseX 



Sub-order B. Plagiostomi. — ^This sub-order is of consider- 
ably greater importance, as it includes the well-known Sharks 
and Rays. The vertebral centra are usually more or less ossi- 
fied, and even when quite cartilaginous, the centra are marked 
out by distinct rings. The skull is in the form of a cartila- 
ginous capsule, without distinct czanial bones. Tbe mouth is 
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transversa and is placed on the under surface of the head (fig. 
141, A). The exoskeleton c onsists of placoid granules, tuber- 
cles, or spines. The branchial sacs open externally by as 
many distinct apertures as there are sacs, and there is no oper- 
culum. A pair of tubes proceed from the pharynx to open 
on the upper surface of tlie head by two apertures, which are 
termed " spiracles." By means of these water can be admitted 
to the pharynx, and thence to the gills. 

By Professor Owen the Plagiostomi are divided into three 
sections, termed respectively the Cislrafhariy the Selachii, and 
the Bakdes, 

<u CestrapharL — ^In this division there is a strong spine in 
front of each dorsal fin^ and the back teeth are obtuse. The 

only living representative of this group is the Port Jackson 
{Cestracion FkiUfptjy characterised by its pavement of 
plate-like crushing teeth, adapted for comminuting small Mol- 
luscs and Crustaceans. It is exclusively an inhabitant of the 

Australian seas, and is remarkable for its close resemblance to 
a large group of extinct forms, of which the best known are 
the genera Hybodus and Acrodus from the Second an- Rocks. 

b. Seladiii. — This group comprises the formidable Sharks 
and Dog-fishes, and is characterised by the lateral position of 
the branchiae on the side of the neck, and by the fact that the 
pectoral fins have their ordinary loim and position. The Dog- 
fishes are of common occurrence in British seas, but are of 
little value. Their egg-cases are frequently cast up on our 
shores, and are fiuniliarly known as " Mermaid's purses." The 
true Sharks are not infrequently found in various European 
seas, but they are mostly inhabitants of wanner waters. One 
of the latgest is the White Shark'' (Car^arias zfuijgaris), 
which attains a length of over thirty feet (fig. 142, A). 

c. Batides. — This group includes the Rays and Skates, and 
is distinguished by the fact that the branchial apertures are 
placed on the under surface of the body, forming two rows of 
openings a little behind the mouth. In the typical members 
of the group, the body is flattened out so as to form a kind of 
disc (fig. 143), the greater part of which is made up of the 
enonnously developed pectoral fins. Upon the upper surface 
of the disc are the eyes and spiracles ; upon the lower surface 
are the nostrils, mouth, and branchial apertures. The flat- 
tened bodies of the Rays, however, must be carefully distin- 
guished from those of the t lat-fishes [Ficuromciida). In the 
former, the flat surfaces of the body are truly the dorsal and 
ventral surfaces. In the latter, as before remarked, the body 
is flattened, not from above downwards, but from side to side^ 
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and the head is SO twisted that both eyes are brought to one 
side of the body. 

The typical members of the Batides are the Skates and 
Rays, of which the common Thornback {Rata clavata) may 
be taken as a familiar example. More remarkable than the 

common Rays is the Elec- 
tric Ray or Torpedo^ which 
has the power of dischaig- 
ing electrical shocks, if irri- 
tated. The identity of the 
force produced in this way 
with the electricity of the 
machine has been demon- 
stiated by many careful ex* 
periments. The Torpedo 
owes its remarkable powers 
to two special organs — the 
" electrical organs," which 
consist of two masses placed 
on each side of the head, 
and consisting each of nu- 
merous vertical gelatinous 
columns, separated by mem- 
branous septa, and richly 
furnished with nerves ; the 
whole arrangement ]^sent- 
ing a singular resemblance 
to the cells of a voltaic battay. There is no doubt, however, 
but that the force which is eicpended in the production of the 
electricity is only nerve-force. For every equivalent of elec- 
tricity which is generated, the fish loses an equivalent of nerv- 
ous energy ; and for this reason^ the production of the electric 
force is strictly limited by the amount of nerve-force possessed 
by the animal. 

In the Snw fish {Pristis antiquortnn) the body has not the 
typical flattened form of the Rays, and the snout is elongated 
so as to form a long sword-iike organ, the sides of which are 
furnished with strong tooth-like spines. This constitutes a 
powerful weapon, with which the Saw-lish attacks the largest 
nuirme animals. 

Before leaving the Eiasmobranchity a few words may be said 
as to their position in the class of Fishes. From the cartilag- 
inous nature of the endoskeleton, and the similarity between 
the foim of their gills and tiiose of die Lampreys and Mysdn- 
oids, the Ehsmebranchu were long placed low down in the 




Fig. 143—1 
the Skatei. 
Gosse.) 



Reduced com^S^ (After 
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scale of fishes, to which also the pcrmancrttly heterocercal tail 
conduced. When we come, however, to take into consider- 
ation the sum of all their characters, there can be little hesita- 
tion in placing the order nearly at the summit of the entire 
class. The nervous system, and especially the cerebral mass, 
is very much more lughly developed proportionately than is 
the case with any other division of the hshes. 1 he organs of 
sense are, comparatively speaking, of a very high grade of or- 
ganisation» the auditoiy oigans beii^ more than ordinarily 
elaborate, the eyes being sometimes furnished with a third eye- 
lid (memdrami nuHtans), and die nasal sacs having a very com- 
plex structure. The stracture of the heart agrees with that of 
the Ganoids, and is a decided advance upon the heart of the 
more typical bony fishes. Finally, the embxyo, before its 
exclusion from the egg, is furnished with external filamentous 
branchiae, this being a decided approximation to the Amphibia, 
Order VI. Dipnoi {='Proiopttri^ Owen). — This order is a 
very sniall one, and includes only the singular Mud-fishes {Lepi- 
dosiren) ; but it is nevertheless of great importance as exhibit- 
ing a distinct transition between the hshes and the Amphibia. 
So many, in fact, and so striking, are the points of resemblance 
between the two, that until recently the Lepidosiren (fig. 144) 
wasalsvays made to constitute the lowest class of t\\Q Amphibia, 
The highest authorities, however, now concur m placing it 
amongst the fishes, of which it constitutes the highest order. 
The order Dipnoi is defined by the following chaiacters : — ^The 
body is fish-like in shape. There is a skull with distinct cranial 
bones and a lower jaw, but the notochord is persistent, and 
there are no vertebral centra, nor an occipital condyle. The 
exoskeleton consists of small, homy, overlapping scales, having 
the "cycloid" character. The pectoral and ventral limbs are 
both present, but have the fonn of awl-shaped, filiform, many- 
jointed organs, of which the former only have a membranous 
fringe inferiorly. The ventral limbs are attached close to the 
anus, nnfl the pectoral arch has a clavicle ; but the scapular 
arch is attached to the occiput. The hinder extremity of the 
body is fringed by a vertical median fin. The heart has two 
auricles and one ventricle. The respiratory organs are twofold, 
consisting on the one hand of free filamentous gills contained 
in a branchial chamber, which opens externally by a single 
vertical gili-slit ; and on the other hand of true lungs in the 
form of a double cellular air-bladder, communicatmg with the 
oesophagus by means of an air-duct or trachea. The branchiae 
are supported upon branchial arches, but these are iu)t con* 
nected with the hyoid bone ; and in some cases, at any xat^ 
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rudimentary external branchiae exist as well. The nasal sacs 
open posteriorly into the throat. 

If these characters are examined a little more minutely, it is 
easy to point to those in which the Lepidosiren approaches the 
Fishes, and to those in which it resembles the Ampliibians. It 
resembles the Fishes in the shape of the body, and in the pos- 
session of a covering of homy overlapping scales of the true 
cycloid character; whilst the limbs are more like those of 
fishes than of reptiles. The fin, also, which clothes the posterior 
extremity of the body, is a decided fish-like character. The 
most marked piscine feature^ however, is the presence of firee 
branchiae, attached to brandiial arches, and placed in a branr 
chial cavity, which opens internally into the pharynx by a 
number of slits, and communicates externally with the outer 
world by means of a single vertical gill-slit 




P 

Fig. i44.«I%iioL L*iidnirmtumtettm»* 



On the other hand, the Lepidosiren approximates to the 
Amphibians in the following important pdnts: — ^The heart 
consists of three cavities, two auricles and a single ventricle. 
True lungs are present with a trachea and glottis, returning 
their blood to the heart by a distinct pulmonary vein, and in 
every respect discharging the Amotions of the lungs of the 
higher Vertebrates. It is true that the lungs of the Lepidosiren 
are merely a modification of the swim-bladder of the other 
fishes, but the significance of the change of function is not 
affected by this. Lastly, sometimes, at any rate, there are 
rudimentary external branchiae placed on the side of the neck. 
This feature, as will be seen shortly, is characteristic of all the 
Amphibians, either permanently or in their immature state. 

Upon the whole, then, whilst for the purposes of systematic 
classification the Lepidosiren must be placed amongst the 
Fishes, it is not to be forgotten that many of its characters are 
those of a higher class, and that it may justly be looked upon 
as a connecting link, or transitional form, between the two great 
divisions of the Fishes and the Amphibians. ^ 

As regards their distribution and mode of life, two species at 
least of L^idosiren are known — ^the Z. paradoxa firom die Ama- 
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zon, and the Z. a?mectens from the Gambia. They both inhabit 
the waters of marshy tracts, and appear to be able in tlie dry 
season to bury themselves in the mud, forming a kind of 
chamber in which they remain dormant till the return of the 
rains. Recently there has been discovered in the rivers of 
Queensland (AustraHa) a fish which has been described under 
the name of Ceratodus (?) Fosteriy and which would appear to 
be veiy closely related to the L^idcsirm, 



CHAPTER LIX. 

DISTRIBUTION OF FISHES IN TIME. 

The geological history of fishes presents some points of pecu- 
liar interest. Of all the classes of the great sub-kingdom 
Vertebrata^ the fishes are the lowest in point of organisation. 
It might therefore have been reasonably expected that they 
would present us witli the first indications of vertebrate life 
upon the globe ; and such is indeed the case. After passing 
through the enormous group of deposits known as the Lauren- 
tian, Huronian, Cambrian, and LowerSilurianformations — repre- 
sentmg an immense lapse of time during which, so far as we yet 
know, no vertebrate animal had been created, wefind in the Upper 
Silurian Rocks the first traces of fish. The earliest of thes^ in 
Britain, is found in the base of tiie Ludlow Rocks (Lower Lud- 
low Shale), and belongs to the Placoganoid genus Pteraspis. 
Also in the Ludlow Rocks, but at the summit of their upper 
division, are found fin-spines and shagreen, probably belonging 
to Cestraciont fishes — that is to say, to fishes of as high a 
. grade of organisation as the Elasmobranchiu So abundant are 
the remains of fishes in the next great geological epoch — namely, 
the Devonian or Old Red Sandstone — that this period has 
frequently been designated the " Age of Fishes." Most of 
the fishes of the Old Red Sandstone belong to the order Gafi- 
oidei. In the Carboniferous and Permian Rockb which close 
the Palaeozoic period, most of the fishes are still Ganoid, but 
the former contain the remains of many i-iagiostomous fishes. 
At the close of the Palaeozoic and the commencement of the 
Mesozoic epoch, the Ganoid fishes begin to lose that predomi- 
nant position which they before occupied, though they continue 
to be represented through the whole of the Mesozoic and Kain- 
ozoic periods up to the present day. 'The Ganoids, therefore, 
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are an instance of a family which has endured through the 
greater part of jG^eolog^ical time, but which early attained its 
maximum, and lias been slowly dying out ever since. Towards 
the close of the Mesozoic period (in the Cretaceous period), the 
great family of the Teleostean or Bony fi^es is for the first time 
known certainly to have made its appearance. The families 
of ^ the MarsipobranchUy Pharyngobranchii^ and Dipm^ have 
not left, so far as is known, any traces of their existence in 
past time. Judging from analogy, however, it is highly pro- 
bable that the two fbnno' of these must have had a vast anti- 
quity, and it is not impossible that the so-called " Conodonts '* 
from the Lower Silurian Rocks of Russia may yet be shown to 
be the homy teeth of fishes allied to the Lampreys. At pre- 
sent, however, the weii^ht of evidence is in favour of looking 
upon these problematical little bodies as probably referable to 
some of the iTivcrtcbrata. 

Leaving these unrepresented orders out of consideration, 
the following are tlie chief facts as to the geological distribu- 
tion of the other great groups: — 

L Giuwidd. — ^As far as is yet known with certainty, the 
oldest representatives of the fishes belong to this order. The 
order is represented, namely, in the Upper Silurian Rocks by 
the remains of at least four genera. In the Devonian 
Rocks, or Old Red Sandstone, the Ganoids attain their 
maximum both in point of numbers and development. The 
Placoganoid division of the order is represented by the 
singular genera Pierichthys (fig. 140), Cephalaspis (fig. 159), 
Pteraspis, and Coccosteus (fig. 140). The Lepidoganoid division 
of the Older is now also abundantly represented for tlie first 
time, the genera Dipterus^ Osteolepis (fig. 138), Glyptolepis^ 
Holopfychius, Diplacanthus, and many others belonging to this 
section. As regards the further distribution of the Placogan- 
oids, the section of the Ostracostei^ characterised by the great 
development of the cephalic buckler, appears to have died 
out at the close of the Devonian period. The other section, 
however, namely, that of the SturionidcR^ is represented in 
the Liassic period {Mesozoic) by the genus ChondrostmSy and 
in the Eocene (Kainozou) by a true Sturgeon, the Acipmser 
ioliapicus. 

The Lepidoganoids continue firom the period of the Old Red 
in great profusion, and they are represented by very many 
genera in the Carboniferous and Permian Rocks. In the earlier 
portion of the Mesozoic period — Le,, in the LUs and Trias — 

they are still represented, but all the forms are as yethcterocer- 
caL In the Oolitic Rocks, for the first time, X^epidoganoids with 
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homocercal tails appear, and they contmue to be represented 
up to the present day. 

II. Elasmobranchii. — Like the Ganoidei^ the great order of 
the Sharks and Rays is one of vast antiquity. At the top of the 
Upper Ludlow Rocks, or at the close of the Upper Silurian 
epoch, there have been discovered the remains of undoubted 
Plagiostomous fishes, most nearly allied to the existing Port 
Jackson Shark {Cesiracion Philippt). These remains consist 
chiefly of defensive spines, which formed the first rays in the 
dorsal fins, and upon these Uie genus O^Attf has been founded. 
Besides these there have been found potions of skin or 
"shagreen," with little placoid tuberdes, like the skin of a 
living shaik. These have been refeired to the genus ^hagpdus. 
They are the eailiest known remains of Plagiostomous fishes, 
and with the exception of the few remains fi:om the Lower 
Ludlow Rocks, they are the earliest known remains of fishes in 
the stratified series. The discovery of these remains, at that 
time the earliest known traces of Vertebrate life, is due to the 
genius of Sir Roderick Murchison, the author of * Siluria.' 

Most of the fossil Elasmobranchii belong to the division 




Kg. 145- — I- Fin-spine of /'/(f«rar-T/MMj (one of the Rays): 2. Gyracanthus ; -^-Ctena- 
coHtkus; 4. Tooth of Petalodus ; 5. Fsammodu* i 6. CUno^tycfUus. All from the 



Cesiraphori of Owen, so called because they are provided with 
the laiige fin-spines, which are known to geologists as " ichihyo- 
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dorulites.*' The two families of this division — the Cestracionts 
and Hyboclonts — are largely represented in past time, the 
former chiefly m the Palaeozoic period, the latter chiefly in the 
Mesozoic Rocks. Subjoined is an illustration of the " ichthyo- 
dorulites " and teeth of some of the Palaeozoic Cestraphcfri, 

The true Sharks are represented in the later Mesozoic de- 
posits {e,g.^ by teeth oi Notidanus in the Oolites) ; but they are 
chiefly Tertiary. The teeth of Odontaspis, GaietfcerdOt and 
Carcharodon, are good examples fiom the Eocene of the Isle of 
Sheppey. The true Kays are older than the true Sharks, the 
Carboniferous fossil^jPfe^nujiiii/^, being probably the spine of 
a Ray (fig. 145). Numerous remains of Rays, chiefly in the 
form of the pavement-like teeth, are known, both from the 
Secondary and Tertiary Rocks. The last division of the £las- 
mobranchii — ^viz., that of the Holocephali^ is poorly represented 
in past time by the Mesozoic and Kainozoic Ischkdus^ Mias- 
modus ^ Ganodus, and Edaphodus. 

III. The Bony or Teleostean Fishes do not make their ap- 
pearance sooner than the Cretaceous period — that is, towards 
the dose of the Mesozoic epoch. From this time on, how- 
ever, Bony fishes with ( yc 1( )id or ctenoid scales are the chief 
representatives of the wliole class, and the order appears to 
have attamed its maximum in our present seaii. 
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DIVISION I ICHTHYOPSIDA. 



CHAPTER LX. 

CLASS II,— AMPHIBIA, 

The class AmpMHa comprises the Frogs and Toads, the 
Salamandroidsj the CmdHaj .KcA the extinct Labyrmth&donis^ 
and maybe briefly defined as follows : — As is the case widi the 
Fishes, the embryo is not furnished with an amnion, and the 
urinary bladder is the only representative of the allantois. As 
in Fishes, also, branchim or filaments adapted for breathing air 
dissolved in water are always developed upon the visceral arches 
for a Ion<:^er or shorter time. On the other hand, the Amphi- 
bians differ from the Fishes m the fnct that true lunzs are 
ahvays present in the aifiili ; the limbs are tiever converted into 
fr?s; and when median jin \' are present, as is sometimes the case, 
these are never furnished with fin-rays. The limbs, when pre- 
sent, exhibit in their skeleton the same parts as do the limbs 
of the higher Vertebrates. The skull always artiadates with 
i/ie vertebral column by means of two occipital condyles. The 
heart consists qf two auricles and a single ventricle. The nascU 
sacs commmicate posteriorly with the pharynx; and the rectum, 
ureters, and ducts of the r^oductive organs open into a common 
chamter or ^^doacal* 

The great and distinguishing character of the Amphibia is 
the fact that they undergo a metamorphosis after their exclu- 
sion from the They commence life as water-breathing 
larvae, provided with gills or branchiae ; but in their adult state 
they invariably possess lungs; the branchiae in the higher 
forms disappearing when the lungs are developed; but being 
in other cases permanently retained throughout hfe. 

In the earUest emljryonic condition the branchiae are ex- 
ternal^ placed on the side of the neck, and not situated in an 
internal chamber as in Fishes. In some cases, the external 
branchiae only are present, and they are, in any case, the gills 
which are retained in those forms in which the branchia3 are 
permanent {Terennibranchiata), In the laiied ^ijpiubians 
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( Uroddd) and in the Frogs and Toads {Anoura) two sets of 
gills are developed— external set, which is vtry soon lost, 
and an internal set, which is retained for a longer or shorter 



Fig. x^fi.— Anoura. Hyla Uucotmniot one of the Tree-frogs (after GOnther). 1 

period. As maturity is approached, true lungs adapted for 
breathing air are developed. The development, however, of 
the lungs varies with the completeness with which aerial respi- 
ration has to be accomplished ; being highest in those forms 
which lose their gills when grown up (Cadudbrimchiata)^ and 
lowest in those in which the branchie are retained throughout 
life {Permnibr^uuhiaid^, 

In accordance with the change from an aquatic or bran- 
chial to a more or less completely aerial or pulmonary mode 
of respiration, considerable changes are effected in the course 
and distribution of the blood-vessels. In the larval condition, 
when the respiration is entirely effected by means of the gills, 
the circulation is carried on very much as it is in Fishes. 
The heart is composed of a single auricle and ventricle, and 
the blood is propelled through a bulbus arteriosus and bran- 
chial artery to the gills. The aerated blood is then collected 
in the branchial veins, and instead of being returned to the 
heart, is forthwith propelled to all parts of the body, the de- 
scending aorta being formed out of the branchial veins. At 
this stage, therefore, the heart is a branchial one, and the single 
contraction of the heart is sufficient to drive the blood through 
both the branchial and systemic circulations, just as we saw 




Digitized by Google 



CHARACTERS OF AMPHIBIA. 383 

was permanently the case with all the Fishes except the Lepi- 

dosiren. The pulmonary arteries are at first very small, and 
take their origin from the last pair of branchial arteries. 
When the lungs, however, are developed, and the re&piiatio& 

commences to be aerial, the pulmonar)^ arteries increase pro- 
portionately in size, and more and more blood is gradually 
diverted from the gills and carried to the lungs, so that the 
branchiae suffer a proportionate diminution in size. In those 
Amphibians in which branchiae are permanently retained {Pe- 
rennibranchiata), this state of affairs remains throughout life — 
that is to say, a portion of the venous blood is sent by the 
pulmonary artery to the lungs, and a portion goes to the gills. 
In those AmphibianSy however, in which the adult breathes by 
lungs alone {CaducUfranchiat^y further changes ensue. In 
these the pulmonary arteries increase so much m size that they 
ultimatel;^ divert all the blood from the branchiae, and these or- 
gans, having fulfilled thdr temporary function, become atrophied 
an d disappear. The vessels which return the aerated blood from 
the lungs (the pulmonary veins) increase in size proportionately 
with their increased work, and ultimately come to open into 
a second auricle formed at their point of union. The heart, 
therefore, of the Afnphibia in their adult state consists of two 
auricles and a common ventrirle. The right auricle receives 
the venous blood from the body, and the left receives the 
arterial blood from their lungs, and both empty their contents 
into the single ventricle. As in Reptiles, therefore, the ventri- 
cular cavity of the heart in adult Amphibians contains a mixed 
fluid, partly venous and partly arterial, and from this both the 
body and the lungs are supplied with blood. 

As regards the digestive system of the Amphibia there is little 
to say, except that the rectum opens, as it does in Reptiles, 
into a common chamber or ^ doaca," into which are also dis- 
charged the secretions of the kidneys and generative organs. 
A liver, gall-bladder, spleen, and pancreas are always present 
Singular pulsating cavities, belonging to the lymphatic system, 
and known as lymph^hearts," are also present in the higher 
Amphibians* 
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CHAPT£R LXI. 

ORDERS OF AMPHIBIA. 

Thk Arnphibia are usually divided by modern writers into four 
orders, the old order Lepidoia^ comprising the Lepidosiren^ 
being now placed at the head of the Fishes, under the name 
of Dipnoi. Whilst there is a general agreement as to the 
number and characters of the Amphibian orders, the names 
employed to designate them are very various, and it really 
matters little which are adopted 

Order L Ophiomorpha, Owen (= Gymnophuma^ Huxley ; 
Apoda of older writers; Ophidobaira(hia\ — This is a small order, 
including only certain snake-like^ vetmiform animals, which are 
found in various tropical countries, buirowing in marshy ground, 
something like gigantic earthworms. They form the family 
CcBciliadcBf and are characterised by their snake -like form, 
and by having the anus placed almost at the extremity of 
the body. The skin is quite soft, but differs from that of the 
typical Amphibians in having small homy scales embedded in 
it. Another fish-like character is that the vertebrae are amphi- 
coelous or biconcave, and the cavities formed by their apposi- 
tion are filled with the cartilaginous or gelatinous remains of 
the notochord. The skin is transversely wrinkled, but there 
arc no hinbs. The eyes are rudimentary, and are concealed 
beneath the skin. 

ITie jposition of the Cadiia was long doubtful ; but their 
Amphibian character was ultimately proved by the discovery 
that whilst the adult breathes by lungs, the young possess 
internal branchiae, communicating with the external world by 
a branchial aperture on each side of the neck. Only a few 
species of OicUia are known, and they are all inhabitants of 
hot climates, such as South America, Java, Ceylon, and the 
Guinea coast. They sometimes attain a length of several 
feet 

Order II. Urodela (= Ichthyomorpha, Owen ; Sauro- 
batrachia). — This order is commonly spoken of collectively 
as that of the ''Tailed" Amphibians, from the fact that the 
larval tail is always retained in the adult. The Urodela are 
characterised by having the skin naked, and destitute of any 
exoskeleton. The bodv is elongated posteriorly to form a 
compressed or cylindrical tail, which is permanently retained 
throughout life. The dorsal vertebrae are biconcave {amphi- 
ccslous\ or concave behind and convex in front ipfisthoccBious)^ 



Digitized by Google 



ORDERS OF AMPHIBIA. 



and they have short ribs attached to the transverse processes* 
The bones of the fore-arm {radius and ulna) on the one hand, 
and those of the shank {tibia and Jibula) on the other, are not 
anchylosed to form single bones. 

In one section of the order — formerly called Amphipneusta — • 
the gills are retained throughout life, and the animal is there- 
fore " perennibranchiate." In this section are the Proteus^ 
Strerty and Menobranchus. In the remaining members of the 
order the gills disappear at maturity, and the animal is there- 
fore cadudbranduate." In this sedion are the land and 
water salamanders. One form, however — the Axolotl of 
Mexico— appears to be sometimes caducibranchiate, though 
generally perennibranduate. The genera Amphmma and Meno- 
fama, also, exhibit a partially intermediate state of parts, for 
though they lose their brandiiae when adult, thqr nevertheless 
retain the brandiial apertures behind the head. 




i47.-*Head and fore-part of the body of Proteus anfuinutfAomiiaglihlf 
exteroal braachiaB and tiidactylous fore-lmb. 

Of the perennibranchiate Urodda^ one of the best known is 
the singular Proteus [Hypoehihm) anguinus (fig. 147), \diidi 
is only found inhabiting pools in certain caves in lU^ria and 
Dalmatia. It is of a pale flesh-colour, or nearly white, with 
three pairs of scarlet branchiae on each side of me ne(±. It 
attains a length of nearly a foot, and has two pairs of weak 
limbs, of which the anterior have three toes, and the posterior 
only two. From its habitat, the power of vision must be quite 
unnecessary, and, as a matter of fact, the eyes are altogether 
rudimentary. Several varieties of Protms are known, and the 
one figured above has been described as a distinct spedes {JP* 
zanthostictus). 

Of the SireuidcBy the most familiar are the Siren itself and the 
Axolotl. The Siren, or Mud-eel, is found abundantly in the 
rice-swamps of South Carolina, and attains a length of three 
feet The branchiae are persistent, and the hinder pair of legs 
wholly wanting. Two other species are kno^vn, but they are 
likewise confined to North America. 

The -Axolotl {Siredon pisciforme^ fig. 148) is a native of the 

YOI. II, a B 
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Mexican lakes, and attains a length of about a foot or fourteen 
inches. It possesses both pairs of limbs, the anterior pair 

having four toes and the hinder 
pair five toes. As ordinarily 
known in its native country, 
the Axolotl is certainly perenni- 
branchiate, and they breed in 
this condition freely. There 
is no doubt, however, that in- 
dividual specimens may lose 
their gills, without thereby suf- 
fering any apparent change, 
except it be one of colour. 
The Axolotl, therefore, is in 
the singular position of being 
sometimes " caducibranchiate," 
whilst it is ordinarily " perenni- 
branchiate." Nearly allied to 
the Axolotl is the Meiwbran- 
chus of North America, in 
which the branchiae are per- 
sistent. Amp/iiuma and Meno- 
poma^ as already remarked, 
differ from the forms just men- 
tioned in losing the gills when 
adult, but in retaining the ex- 
ternal branchial apertures on 
the side of the neck. The 
former is exclusively Nort]i 
American, whilst the latter is 
represented by different but 
nearly-related species in both 
North America and Java. Both 
possess the normal two pairs of 
limbs. 

In the second section of the 
C/r^?^/^?/^!, comprising those forms 
in which the gills are caducous, 
and both pairs of limbs are 
always present, are the Water-salamanders or Tritons, and the 
Land-salamanders. The Tritons are the only examples of the 
aquatic Salamanders which occur in Britain, and every one, 
probably, is acquainted with the common Newt 

Tlie Water-salamanders or Newts (fig. 149) aire distinguished 
from, the tenestrial forms by being ftimished with a 




Fig. 148. —The Axolotl {SiredoH *uci- 
forme) — after Tegetmeier. The onunuy 
fonn, with penUtent bmnchisew 
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fish-like tail, and by being ' strictly oviparous. The larvae are 
tadpole -like, with external branchiae, which they retain till 
about the third month. The adult is destitute of gills, and 




Vtg. X491— Great WattMtewt {TrUm critMmi^-^ittt BdL 



breathes by lungs alone, but the larval tail is retained through- 
out the life of the animal 

The development of the Newts is so like that of the Frogs 
that it is unnecessary to dilate further upon it here ; but there 
are these two points of dift'erence to be noticed : — ist/\\ That 
the embryonic tail is not cast off in the adult ; and, 2^//v, That 
the fore-limbs are developed sooner than the hind-limbs — the 
reverse of this being the case amongst the Anoiira. 

The Land-salamanders form the genus Salamandra^ and are 
distinguished from their aquatic brethren by having a cylindri- 
cal instead of a compressed tail, and by bringing forth their 
young alive, or by being ovo-Tiviparous, in which case the 
larvae have sometimes shed tiieir external branchi^ prior to 
birth. The chief thing to remember about the Land-sala- 
manders, and, indeed, about all the Urodda^ is their complete 
distinctness from the true Lizards (Zacertilia). They are often 
completely lizard -like in form when adult, but they always 
possess gills in the earlier stages of their existence, and this 
distinguishes them torn all the Lacertilians. 

Okder III. Anoura (== Batrachia^ Huxley; TTieriomorpha^ 
Owen ; Chelonobatrachia^ &c.). — This order includes the Frogs 
and Toads, and is perhaps best designated by the name of 
Anoura^ or '* Tail-less " Amphibians. The name Batrachia, 
employed by Huxley, is inexpedient, partly because it is used 
by Owen to designate the entire class Amphibia^ and partly 
because, in common language, it is usual to understand by a 
"** Batrachian" any of the higher Amphibians, such, for instance, 
as a Labyrinthodont. 

' The Anoura^ or Tail-less Amphibians, are characterised by 
the following points ^— The adult is destitute of both gills and 
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tail, both of which structures exist In the larva, whilst the two 

pairs of limbs are always present. The skin is soft, and there 
are rarely any traces of an exoskeleton. The dorsal vertebrae* 
are " procoelous," or concave in front, and are furnished with 
long transverse processes, which take the place of ribs, which 
are only present in a rudimentary form. The radius and ulna 
in the fore-limb, and the tibia and fibula in 4he hind-limb, are 
anchylosed to form single bones (fig. 150). The mouth is 
sometimes edentulous, but the upper jaw has usually small 
teeth, and the lower jaw sometimes. The hind-limbs usually 
have the digits webbed for swimmings and are generally much 
laiger and loxiger than the fore-limbs. 




Fig. i5a^Skeleton of the common Frog (Xana tem^rarieC^ d Dorsal vertebrse, ^ 

witih long tnuisvetae prooenes. 

In the adult Anoiira, respiration is purely aerial, and is car- 
ried on by means of lungs, which are, comparatively speaking, 
well developed. As there are no movable ribs by which the 
thoracic cavity can be expanded, the process of respiration is 
somewhat peculiar. The animal first closes its mouth, and 
fills the whole buccal cavity with air taken in through the 
nostrils. The posterior nares are then closed, and by the con- 
traction of the muscles of the cheeks and pharynx the inspired 
air is forcibly driven into the windpipe through the open glottis. 
The process, in fact, is one of swallowing; and it is possible to 
suffocate a frog simply by holding its mouth open, and thereby 
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preventing the performance of the above-mentioned actions. 
There can be no doubt, also, that the skin in these animals 
plays a very important part in the aeration of the blood, and 
that the frogs especially can carry on their respiration cutane- 
ously, without the assistance of the lungs, for a very lengthened 
period. This undoubted fact, however, should not lead to any 
credence being given to the often-repeated stories of the occur- 
rence of frogs and toads in cavities in solid rock, no authen- 
ticated instance q£ such a phenomenon bebg as yet known to 
science. 



Fig. 151. — Development of the common Frog {Rana temporaria). a Tadpole, viemd 
from above, showine the external branchiae {g) ; b Sme view of a somewhat older 
tpedmen, showing the iish-Hke tail ; c Older spedmen, in which the hind-legs hava 
appeared ; d Specimen in which all tfattUmbiars pcaen^ but the tail has not been 
wholly absorbed. (After Bell.) 



The young or larv» of the Frogs and Toads are femiliariy 



egg, presents itself as a tailed" Amphibian, completely fish- . 
l£ke in form, with a broad rounded head, a sac-like abdomen, 
and a compressed swimming-tail (fig. 151, There are at 
first two sets of gills, one external and the other internal. The 
external branchiae (fig. 151, a) have the form of filaments at- 
tached to the side of the neck, and they disappear very shortly 
after birth. The internal branchiae are attached to cartilaginous 
arches, which are connected with the hyoid bone, and they are 
contained in a gill-cavity, protected by a flap of integument, 
which differs from the gill-cover of fishes in never developing 
any opercular bones or branchiostegal rays. Within the bran- 
chial chamber thus formed the fore-limbs are budded forth, but 
the hind-limbs are the first to appear, instead of the fore-limbS| 
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as is the case with the Urodela. Even after the first appear- 
ance of the limbs the tail is still retained as an instrument of 
progression ; but as the limbs l^ccome fully developed, the 
tail gradually is absorbed (fig. 151, d), until in the adult it has 
wholly disappeared. 

The development of the Frog is thus a good illustration of 
the general zoological law tliat the transient embiyonic stages 
of the higher members of any division of the animal kingdom 
are often represented by the permanent condition of the lower 
members of the same division. Thus the transitory condition 
of the young Ftog in its earliest stage, when the branchiae are 
external, is permanently represented by the adult perenni- 
branchiate Urodela, such as the Proteus or the Siren. The 
final stage, again, when the gills have disappeared and the limbs 
have been developed, but the tail has not been wholly absorbed, 
is represented by the caducibranchiate Urodela^ such as the 
common Newt 

The order Anoura comprises a considerable numl er of 
forms, but may be divided into the three sections of the 
Ftpuice, Bufonid(By and Ranidce. In the Pipida, or Surinam 
Toads, there are rarely teeth, and the mouth is destitute of a 
toiit^ue. A singular and hideous species (^Pipa Americana) is 
the best known, and it inhabits Brazil and Surinam. In the 
abenant foim Dactykihra tiie upper jaw is liunisbed with 
small teeth, and the three inner toes of the hind-feet are fur- 
nished with nailSi as is the case with no other Amphibian^ 
except Sakmiandra mguiadaia amongst the Urodda. This 
curious form is found at the Cape of Good Hope and in Moz- 
ambique. 

In the Toads, or Bufonida, a tongue is present but the 
jaws ire not armed with teeth. The tongue agrees with that 

of the Frogs in being fixed to the front of the mouth, whilst it 
is free behind, so that it can be protmded for some distance 
from the mouth. The hind-limbs are not disproportionately 
developed, whilst the toes are only imperfectly webbed, and 
the toes of the fore-limb are free. The common Toad (Bufo 
vulgaris) is an excellent example of this family. 

In the RanidcB the tongue has the same form as in the 
Toads, but the upper jaw always carries teeth. I'he hind- 
limbs are much larger than the fore-limbs, and are fitted for 
leaping, whilst the toes are webbed. The toes of the fore- 
limbs are free. The common Frog (Ram tmforaria) is a 
good example of the typical Ramim; but the Tree-frogs ilTyld) 
are adapted for a wholly different mode of Iif<^ having the toe$ 
|)f all the feet furnished with terminal suckers, by the help of 
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which they climb with ease. They are mostly found in warm 
countries, especially in America, but one species is European 
(fig. 146). 

Order IV. Labyrinthudontia. — The members of this, 
the last order of the Amphibia, are entirely extinct. They 
were Batrachians, probably most nearly allied to the Urodda^ 
but all of large size, and some of gigantic dimensions, the skull 
of one species {Labyritithodon Jagaeri) bcmg upwards of three 
feet in length and two feet in breadth. The Labyrinthodonts 
were first known to science simply by their footprints, which 
were found in certain sandstones of the age of the Trias. 
These footprints consisted of a series of alternate paift of 
hand-shaped impressions^ the hinder print of each pair being 
mudi laiger than the one in front (fig. 152). So like were 
these impressions to the shape of the human hand that the 
unknown animal which produced them was at once christened 
Chetrnikerium^ or " Hand-beast" Further discoveries, however, 
soon showed that the footprints of Cfmrotherium had been 
produced by different species of Batrachians, to which the 
name of Labyrinthodonts was applied, in consequence of the 
complex microscopic structure of the teeth. 




Y\g. Iff.— Foo^rfntf of A Lftlqrriiidiodoat (CA^sfnAlmViMOL 



The Labyrinthodonts were " salamandriform, with relatively 
weak limbs and a long tail." — (Huxley.) The vertebral centra 
and arches were ossified, and the bodies of the dorsal vertebrae 
are biconcave (amphicoelous). In the thoracic region three 

superficially-sculptured exoskeletal plates, one median and two 
lateral, occupy the place of the interclavicle and clavicles. 
Between these and the pelvis is a peculiar armour, formed of 
rows of oval dermal plates, which lie on each side of the 
middle line of ilie abdomen, and are directed obliquely for- 
wards and inwards to meet in that line." — (Huxley.) 

The head was defended by an external covering or helmet 
of hard and polished osseous plates, sculptured on their exter- 
nal surface, and often exhibiting peculiar smooth symmetrical 
grooves — the so-called " mucous canals." The skull was arti- 
culated to the vertebral column by two occipital condyles. 
The teeth are rendered complex by numerous foldings of their 
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parietes, giving rise to the labyrinthine" pattern, from which 

the name of the order is derived. 

The Labyrinthodonts are known to occur from the Carboni- 
ferous to the Triassic or Liassic period inclusively ; but they 
are most characteristically and distinctively Tnissic. 

Distribution of Amphibia in Time. — From a geological 
point of view by far the most important of the Amphibia are 
the Labyrinthodontiay the distribution of which has just been 
spoken of. The living orders of Amphibia are of much more 
modem date, being, as far as known, wholly Tertiary and 
Post-terdaxy. The Amura are represented by both Toads 
and Frogs in Miocene times, and tfacpr have survived to the 
present day. The ^Tailed" Amphibians are best known to 
geologists by a singular fossil, which was described by its ori- 
ginal discoverer as human, under the name of H07710 dUuvU 
testis^ The fossil in question is of Miocene age, and it is now 
known to belong to a Salamander, nearly allied to the giant- 
salamander of Java (Menopoma), It is tenned the Andrias 
Sheuchzeri, 
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CHAPTER LXII. 

CLASS IIL-^REPTIUA. 

The second great division of the Vertebrate Sub-kingdom, 
according to Huxley, is that of the Sauropsiday comprising the 
true Reptiles and the Birds. It is, no doubt, at first sight an 
almost incredible thing that there should be any near bond of 
relationship between the Birds and the ReptileSj no two classes 
of animals being more unlike one another in habits and ex- 
ternal appearance. It is, nevertheless, the fact that the Birds 
are more nearly related to the Reptiles than to any other class 
of the Vcriebrata^ and it will shortly be seen that many affini- 
ties and even transitional forms are known to exist between 
these great sections. The Reptiles and Birds, then, may be 
naturally included in a single primary section of Vertebrates, 
which may be called Sauropsida after Huxley, and whidi is 
defined by the possession of the following characters : — ^At no 
period of existence are branchiae, or water-breathing respiratory 
cigans^ developed npon the visceral arches; the embryo is 
fixmished with a well-developed amnion and allantois ; the red 
corpuscles of the blood are nucleated (fig. 122, b<, c) ; the skull 
articulates with the vertebral column by means of a single 
articulating surface or condyle ; and each half or " ramus " of 
the lower jaw is romposed of several pieces, and articulates 
with the skull, not directly, but by the intervention of a pecu- 
liar bone, called the " quadrate bone," or os quadratum " 

(fig- 153)- 

These being the common characters of Reptiles and Birds 
by which they are collectively distinguished from other Verte- 
brates, it remains to inquire what are the characters Ijy which 
they are distinguished from one another. The following, then, 
are the characters which separate the Reptiles from the Birds ; 
»— The blood in Reptiles is cold<--that is to say, slightly warmer 
than tiie external medium— owin^ mainly to tiie &ct that the 
pulmonaiy and systemic drculations are always directly con? 
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nected together, either within the heart or in its immediate 
neighbourhood, so that the body is supphed with a mixture of 
venous and arterial blood, in place of pure arterial blood alone. 
The tcniniiations of the bronchi at the surface of the lung are 
closed, and do not cummumcatc with air-sacs, placed in dif- 
ferent parts of the body. When the epidermis develops homy 
stractoresy these are in the form of homy plates or scales, and 
never in tiie form of feathers. The fore-limbs are formed for 
various purposes, including in some cases even flight, but they 
are nevo* constructed upon the type of the wmgs " of Birds. 
Lastly, with one or two doubtful exceptions, whilst the ankle- 
joint is placed between the distal and proximal portions of the 
tarsus, the tarsal and metatarsal bones of the hind-limb are 
never anchylosed into a single bone. 

These are the leading characters by which Reptiles are dis- 
tinguished from Birds, but we must not forget the other dis- 
tinctive peculiarities in which Reptiles agree with Birds, and 
differ from other Vertebrates — namely, the presence of an 
amnion and allantois in the embryo, the absence of branchiae 
at 'ill times of life, the possession of only one occipital condyle, 
and the articulation of the complex lower jaw with the skull by 
means of a quadrate bone. 

It is now necessary to consider these characteristics of the 
abulia a little more minutely. The class includes the Tor- 
toises and Turtles, the Snakes, the Lizards, the Crocodiles, and 
a number of extinct forms ; and with the exception of the Tor- 
toises and Turtles they are mostly of an elongated cylmdrical 
shape, provided posteriorly with a long tail The limbs may 
be altogether absent, as in the Snakes, or quite rudimentary, 
as in some of the Lizards, but as a general rule both pairs of 
limbs are presen^ sometimes in the form of ambulatory 
sometimes as swimming-paddles, and in some extinct forms 
modihed to subserve an aerial life. The endoskeleton is 
always well ossified, and is never cartilaginous or semi-cartila- 
ginous, as in many fishes and some Amphibians. The skull 
articulates with the atlas by a single condyle. The lower jaw 
is complex, each half or ramus being composed of from four to 
six pieces, united to one another by sutures (fio^. 153). In the 
Tortoises, however, these are anchylosed into a single piece, 
and the two rami are also anchylosed. In most Reptiles, how- 
ever, the two rami of the lower jaw are only loosely united — 
in the Snakes by ligaments and muscles only, in tiie Lizards 
by fibro-cartilage, and in the CrocodiHa by a regular suture. 
In all, the lower jaw articulates with the skull by a quadrate 
bone ffa^ 153, a); and as this often projects backwards, the 
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opening of the mouth is often veiy extensive, and may even 
extend beyond the base of the skull. Teeth are usually pre- 
seaty but are not sunk in separate sockets or alveoli, except in 



Fig. 153. — Skull of a Serpent (PjHiaH). 6 Articular portion of the lower jaw ; 
oQuadimtelKme; g8qii«inaHJ|H>rtioii of this tenipond bone. 

the Crocodiles. In the Tortoises and Turtles alone there are 
no teeth, and the jaws are simply sheathed in horn, constituting 
a kind of beak like that of a bird. 

Ribs are always present and always well developed, but they 
differ much in form. It is not correct, however, to regard the 
presence of ribs as separating the true Reptiles from the Ani' 
phUnay as is sometimes stated. Some of the most Lizard-like 
of the Amphibians, such as the Siien, possess short hut well- 
developed ribs, and radiments of ribs are traceable in other 
orders; whilst in the Cadlim they are large and well de- 
veloped. 

As r^aids the exoskeleton, all ReptQes have homy epider- 
mic scales, and they are divided into two great sections — called 
respectively Squamaia and Loriatia — according as the integu- 
mentary skeleton consists simply of these scales, or there are 
osseous plates developed in the derma as well. In the Tor- 
toises, the epidermic plates unite with the bony exoskeleton 
and with the true endoskeleton to form the case or box in 
which the body of these animals is enclosed. 

The digestive system of the Reptilia possesses few characters 
of any special importance, except that the rectum opens, as 
in Amphibia, into a common cavity or *' cloaca," which not 
only receives the faeces, but also serves for the discharge of 
the products of the luinary and generative organs. 

The heart in the Reptiles consists of two completely separate 
auricles, and a ventricular cavity, which is divided into two by- 
an incomplete partition. In idxtCrocoMia ^lone is the septum 
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between the ventricles a perfect one, and even in these, as in 
all other Reptiles, the heart consists functionally of no more 
than three chambers. The ordinary course of the circulation, 
where the ventricular septum is imperfect, is as follows : — The 

impure venous blood returned 
from the body is, of course, 
poured by the venae cavae into the 
right auricle (fig. 154, a), and 
thence into the ventricle. The 
pure arterialised and aerated 
blood that has passed through 
the lungs, is equally, of course, 
poured into the left auricle («'), 
and thence propelled into the 
ventricle {v). As the ventricular 
cavity is single, and not divided 
by a complete partition, it fol- 
lows of necessity that there is a 
mixture in the ventricle, resulting 
in the production of a mixed 
fluid, consisting partly of venous 
and partly of arterial blood. 
This mixed fluid, then, occupies 
the common ventricular cavity, 
and by this it is driven both to 
the lungs (through the pulmonaiy 
artery), and to £e body (through 
the systemic aorta). Conse- 
'%4as'1fJS:?^!^^S!lft'i5 quently, in Reptiles, both the 

light, the arterial system is black, and lungS and the VarioUS tlSSUCS and 

the vessels containing mixed blood are ^ ^ •l j i* j 

cross-shaded.) a Rigtu auricle, receiv- organs ot tne Doay are suppiiea 
u« vcnou. blood, from the body : 0! ^jj^ ^ mixtuTe of arterial and 

Left aunde, receiving arterial Dlood 11 j j • 1 

from the lungs ;» Artcrio-venoas ven- venOUS blooa, and not With UU- 

tricle, containing mixed blood, which is ^^^^^,1 l^lnnH thf Innjrs with 

driven by (/) the pulmonar>^ arter>' to rniXeCl DIOOQ inC lUnj.,S \\Un 

the lung^ and by (cj the aoru to the purely venous, and the body with 

purely arterial blood — as is the 
case with the higher Vertebrata. In the Crocodilia, as before 
said, the partition between the ventricles is a complete one, 
and consequently this mixture of the arterial and venous blood 
cannot take place within the heart itself. In these Reptiles, 
however, a durect communication exists between the pulmonary 
artery and aorta (the right and left aortae) by the so-called 
" foramen Panizzae," dose to the point where these vessete 
roring respectively from the right and left ventricle. In these 
Reptiles, therefor^ the same miztuie of arterial blood with 
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venous takes place as in the lower RepHlia^ though probably 
not to so complete an extent. It is this peculiarity of the 
circulation in all Reptiles which conditions their low tempera- 
ture, slow respiration, and generally sluggish vital actions. 

The Iiings in all Reptiles, except the Crocodiles, are less 
completely celluhir than in the Birds and Mammals, and they 
often attain a very great size. In no Keittile is the cavity of 
the thorax shut off from that of the abdomen by a complete 
muscular partition or "diaphragm;" though traces of this 
structure are found in the Crocodiles. The lungs, therefore, 
often extend along the \\ hole length of the thoracico-abdominal 
cavity. In no case are the lungs connected with air-receptacles 
situated in different parts of the body; and not uncommonly 
there is only a . single active lung, the other being nidimentaiy 
or completdy atrophied (Ophidia), 

Lastly, all Reptiles are essentially oviparous, but in some 
cases the eggs are retained within the body till the young are 
ready to be excluded, and the animals are then ovo-viviparous. 
'The egg-shell is usually paichmenMike^ but sometimes contains 
more or less calcareous matter. 



CHAPTER LXIIL 



DIVISIONS OF REPTILES. 



Recent 



Chelonia and Ophidia. 

The class R^HUa is divided into the following nine orders, 
of which the first four are represented by living forms^ whilst 
tiie remaining five are extinct: — 

1. Chelonia (Tortoises and Turtles). 

2. Ophidia (Snakes). 

3. Lacertilia (Lizards). 

4. Crocodilia (Crococ^es and Alligators)* ^ 

5. Ichthyopierygia, 

6. Snuropterygian 

7. Anomodoniia, }• Extinct. 

8. Pterosanria. 

9. Dcmosauria* 

Order I. Chelonia. — ^The first order of living Reptiles is 
that of the Chdma^ comprising the Tortoises and Ttirtles, and 
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distinguished by the following characters : — There is an osseous 
exoskeleton which is combined with the endo^keletoTi to form 
a kind of bony case or box in which the body of the animal is 
enclosed, and which is covered by a leathery skin, or, more 
usually, by horny epidermic plates. The dorsal vertebrae are 
immovably connected together, and are devoid of transverse 
processes. The ribs are greatly expanded (fig. r55, r), and 
are united to one another by sutures, so that the waUs of the 
thoracic cavity are immovable. All the bones of the skull 
except the lower jaw and the hyoidbone are immovably united 
together. There are no teeth^ and the jaws are encased in horn 
so as to form a kind of beak. The heart is three-chambered, 
the ventricular septum being imperfect There is a large uri- 
narylbladder, and the anal aperture is longitudinal or circular. 

Of these characters of the Cheioma^ the most important and 
distinctive are the nature of the jaws, and the structure of the 
exoskeleton and skeleton. As regards the first of these points^ 
the lower jaw in the adult appears to consist of a single piece^ 
its complex character being masked by anchylosis. The sepa- 
rate pieces which really compose each ramus of the jaw are 
immovably anchylosed together, and the two rami are also 
united in front by a true bony union. There are also no 
teeth, and the edges of the jaws are simply sheathed in horn, 
constituting a sharp beak. As regards the second of these 
points, the bony case in which the body of a Chelonian is 
enclosed consists essentially of two pieces, a superior or dorsal 
piece, generally convex, called the "carapace," and an in- 
ferior or ventral piece, generally flat or concave, called the 
^'plastron." The carapace and plastron are firmly united 
along their edges, but are so excavated in firont and behind as 
to leave apertnres for the head, tail, and fore and hind limbs; 
The limbs and tail can almost always be withdrawn at will 
under the shelter of the thoracico-abdominal case formed in 
this way by the carapace and plastron, and the head is also 
generally retractile. 

The carapace or dorsal shield is composed of the following 
elements : — 

1. The spinous processes of the dorsal vcrtebrcE^ which are 
much flattened out laterally and form a series of broad plates. 
2. The ribs^ which are also much flattened and expanded, and 
constitute what are known as the " costal plates " (fig. 155, r). 
They are generally eight in number on each side, and are 
commonly united throughout the whole of their lateral margins 
by sutures. In some cases, however, they leave marginal 
apertures towards their extremitiea^ and these openings are 
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Kmply covered by a leathery skin or by homy plates. 3. The 
margin of the carapace is completed by a series of bony plates, 
which are called the " margiDal plates." These are variously 




155. — Skeleton of Tortoise {Ettrys Eurof>€a\ the plastron being removed, ca 
Carapace; r Ribs, gnatly expanded, and united by their edges; ^Scapular arclu 
placed within the carapace, and carrying the fore-Umbc ; / Pdvic arcl^ also placed 
wtthiii the carapace, and carrying the hmd*limbs. 

regarded as being dennal bones belonging to the exoskeleton» 
or as being endoskeletal, and as representing the ossified 
cartilages of the ribs (in this last case the maiginal plates 
would correspond with what are known as the ^ sternal ribs " 
of Birds). 

The " plastron " or ventral shield is composed of a number 

of bony plates (nine in number), the nature of which is doubt- 
ful By Professor Owen, the plastron is still regarded as a 
greatly-developed breast-bone or sternum. By Huxley and 
Rolleston, on the other hand, the Chelonia are regarded as 
being wholly without a sternum, and the bones of the plastron 
are looked upon as exclusively integumentary ossifications. 
Both the carapace and the plastron are covered by a leathery 
skin, or more generally by a series of homy plates (fig. 156), 
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which roughly correspond with the bony plates below, and 
which constitute in some species the " tortoise-shell " of com- 
merce. These epidermic plates, however, must on no account 
be confounded with the true bony box in which the animal is 
enclosed, and which is produced partly by the true endo- 
skeleton, and partly by dermal integumentary ossifications. 

The other points of importance as regards the endoskeleton 
are these : — 

Mrstly, The dorsal vertebrae are immovably joined together, 
and have no transverse processes, the heads of the ribs uniting 
directly with the bodies of the vertebrae. 

Secondly^ The scapular and pelvic arches, supporting the 
fore and hind limbs respectively (fig. 155, s and /), are placed 
within the carapace, so that the scapular arch is thus inside the 
ribs, instead of being outside, as it normally is. The scapular 
arch consists of the shoulder-blade or scapula, and two other 
bones, of which one corresponds with the acromion process of 
human anatomy, and the other to the coracoid process, or to 
the " coracoid bone " of the Birds. The clavidles, as is also 
the case with the Crocodilia^ are absent. 

The order Chelonia is conveniently divided into three sec- 




Fig. i5&~Hawk's-biU Turtle {(Zhtlonia imbrUatay-tSuu BelL 

tlons, according as the limbs are natatory, amphibious, or ter- 
restrial In the first of these^ the .limbs are converted into 
most efficient swimming-paddles, all the toes being united by a 
common covering of integument In this section are die well* 
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known Turtles {Cheloniidu), all of which swim with great ease 
and power, but are comparatively helpless upon the land (fig. 
156). The best-known species are the ''edible" or Green 
Turtle ( Chdiviia mydas\ the Loggerhead Turtle ( Chelonia caou- 
anna), the Hawk's-bill Turtle (C. imbncata), and the Leathery 
Turtle {Sphari^u coriacea). The Green Turtle is largely im- 
ported into this country as a delicacy, and occurs abundantly 
in various parts of the Atlantic and Indian Oceans. The 
HawkVbill Turtle is of even greater craimeicial importance 
as the homy epidennic plates of the carapace constitute the 
^ tortoise^ell" so largely used for ornamental purposes. The 
Leathery Turtle is remarkable in having the carapace covered 
with a leathery skin in place of the homy plates which are 
found in other species. 

In the second section of the Chdmia^ in which the limbs are 
adapted for an amphibious life, are the Mud-turtles or Soft 
Tortoises {TrionyddcB), and the Terrapenes {Emydtdce). In 
the Trionycidce the development of the carapace is imperfect, 
the ribs being expanded and uriitcd to one another only near 
their bases, and leaving apertures near their exirernities. The 
entire carapace is covered by a smooth leathery skm, and the 
horny jaws are furnished with fleshy lips. All the Trionycidcc^ 
inhabit fresh water and are carnivorous in their habits. One 
of the largest and best known is the so-called Snapping Turtle 
(Trionyx ferox) of North America, but other species are found 
in Egypt and in the East Indies. The Terrapenes {Emys) 
have a homy beak, and have the shield covered with epider- 
mic plates. They are inhabitants of fresh water, and are most 
of them natives of America. 

The third section of the Chelonia comprises only the Land 
Tortoises (Testtkiimda), in which the limbs are adapted for ter- 
restrial progression, and the feet are furnished with short nails. 
The carapace is strongly convex, and is covered by homy ejtt* 
dermic plates ; the head, limbs, and tail can be completely re- 
tracted within the carapace. Though capable of s^\imming, 
the Tortoises are really terrestrial animals, and are strictly 
vegetable-feeders. The most familiar species is the Tesiudo 
GrcBca^ which is indit^enous ni Spain, Italy, and Greece, but is 
commonly kept in this country as a domestic pet. 

Distribution of Chelonia in Time. — The earliest known 
traces of Chelonians occur in the Permian Rocks, 111 the lower 
portion, that is, of the New Red Sandstone of older geologists. 
These traces, however, are not whollpr satis&ctory, since they con- 
sist solely of the footprints of the anunal upon the ripple-marked 
aurfiices of the sandstone^ Of this nature is the CheUchnm 

TOL. II. 2 c 
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Duncani, described by Sir William Jardine in his classical work 
on the "Ichnology" of Annandale in Dumfriesshire. The ear- 
liest unequivocal remains of Chelonians are in the Oolitic 
Rocks (the Chelonia planiceps of the Portland Stone). Fossil 
Cheloniidat^ EmvdidcR^ and Trionycid(P. occur, also, from the 
Upper Oolites to the present day, the Eocene period being 
peculiarly rich in their remains. In the Tertiary deposits of 
India (Sivalik Hills) there occurs a gigantic fossil Tortoise^ 
Hie Cctossoehdys Atlas — which is bdiev^ to have been eighteen 
to twenty feet in length, and to have possibly survived to 
within the human period 

Order II. OPHID14. — The second order of Reptiles is 
that of the Ophidic^ comprising the Snakes and Serpents, and 
distinguished by the following characters : — 
' The body is always more or less dongated, cylindrical, and 
worm-Hke, and whilst possessing a covering of homy scales, is 
always unprovided with a bony exoskeleton. The dorpal ver- 
tebras are concave in front (procoelous), with rudimentary trans- 
verse processes. There is never any sternum, nor pectoral 
arch, nor fore-limbs, nor sarrum, and as a rule there are no 
traces of Imid-limbs. Rudimentary hind-limbs, however, are 
occasionally present (i?.^., in Python and Tortrix). There are 
always numerous ribs. 1 lie two halves or rami of the lower 
jaw are composed of several pieces, and the rami are united 
anteriorly by ligaments and muscles only, and not by cartilage 
or suture. The lower jaw further articulates with the skull by 
means of a quadrate bone {figi 153, which is alwajrs more 
or less movable, and is in turn united with the squamous por- 
tion of the temporal bone^ which is also movable, and is not 
ifirmly united with the skull. Hooked conical teeth are always 
present, but they are never lodged in distinct sockets or alveoli 
Functionally, they are capable of performing nothing more - 
than merely holding the prey fast, and the Snakes are provided 
with no genume mnstiratory apparatus. The heart has three 
chambers, two aurick-s and a ventricle, the latter imperfec tly 
divided into two ca\ ities by an incomplete septum. The lungs 
and other paired organs are mostly not bilaterally symmetrical, 
one of each pair being either rudimentary or absent. There is 
no urinary bladder, and the cloacal aperture is transverse. 

Of these characters of the Snakes, the nK)st obvious and 
striking are to be found in the nature of the organs of locomo- 
tion. The front limbs, with the scapular arch and sternum, 
are invariably altogether absent; and tiie hlnd4imbs, if not 
wholly wanting, are never represented by more than a pair of 
mdinientary pelvic bones concealed witmn the muscles on eadi 
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side of the anal aperture, and never exhibiting any outward 
evidence of their existence beyond the occasional presence of 
short horny claws or spurs ("calcaria"). In the entire absence, 
then, or rudimentary condition of the limbs, the Snakes progress 
by means of the ribs. These bones are always extremely nu- 
merous (sometimes amounting to more than three hundred 
pairs), and in the absence of a sternum they are, of course, ex- 
tremely movable. Their free extremities, in fact, are simply 
terminated by tapering cartilages, which are attached by mus- 
cular connections to the abdominal scales or scuta " of the 
integument By means of this arrangement the Serpents are 
enabled to progress rapidly, walking, so to speak, upon the 
ends of their ribs ; their movements being much fiacilitated by 
the extreme mobility of the whole vertebral column, conditioned 
by the cup-and-ball articulation of the bodies of the vertebras 
with one another. 

The body in the Snakes is covered with numerous scales, 
developed apparently in the lower layer of the epidermis, and 
covered by a thin, translucent, superficial pellicle, which is peri- 
odically cast off and renewed. On the head and along the 
abdomen these scales are larger than over the rest of the body, 
and they constitute what are known as the " scuta " or shields. 

The only other points in the anatomy of the Ophidia which 
demand special attention are the structure of the tongue, teeth, 
and eye. 

The tongue in the Snakes is probably an organ more of 




Fig. 157 — A, Diagram of the eye of a Serpent (after Cloquet): a Ball of the eye 
covered by a conjunctival sac, into which the lachr>'mal secretion is discharged ; 
b Optic nerve ; d Antocular membrane, formed by the epidermis ; e € King of scales 
surrounding the eye. B, Head of the coinnioii Viper (Z'^/jVix btrtu^—msx BeU*— 
■howins dw bifid tontgue, and the poison-Caiigs in the u^jier jaw. 

> • . 

touch than of taste. It consists of two muscular cylinders, 
united towards their bases, but free towards their extremities* 
Jhc bifid organ, thus constituted, can be protruded and 



Digitized by Google 



404 



MANUAL OF ZOOLOGY. 



retracted at will, heinc: in constant vibration when protruded, 
and being in great part concealed by a sheath when retracted. 

As regards the eye of Scri)cins (fi?. 157, A), the chief 
peculiarity lies in the manner in which it is protected exter- 
nally. There are no eyelids, and hence the stony unwinking 
stare of all snakes. In place of eyelids, the eye is surrounded 
by a circle of scales {e e\ to the circumference of which is 
attached a layer of transparent epidermis, which covers the 
whole eye and is teimed the antocular membrane.. This 
is covered mternally by a thin layer of the conjunctiva, which 
is reflected fomnards from the conjunctiva covering the ball of 
the eye itself. In this way a cavity or chamber is formed 
between the two layers of conjunctiva, and the lachrymal 
secretion by which the eye is moistened is received into this. 
The outer epidermic layer (antocular membrane) covering the 
ball of the eye in front, is periodically shed with the rest of the 
epidermis, the animal being rendered thereby blind for a few 
days. The pupil of the eye is round in most Snakes, but forms 
a vertical slit in the venomous Serpents and in the Boas. 

As regards the dental and maxillary apparatus of the 
Serpents, the following points require notice. Firstly, in 
consequence of the articulation of the lower jaw witli a 
movable quadrate .bone, which is often directed backwards, 
in consequence of the quadrate bone being connected with a 
movable squamosal bone, and in consequence of the rami of 
the jaw being united in front by ligaments and muscles only, 
the mouth in the Snakes is capable of opening to an enormous 
widths and the most astonishing feats in the way of swallowing 
can be performed. Seamdly^ this structure of the jaws accords 
exactly with the structure of the teeth, both concurring to 
render the Snakes wholly incapable of anything like masticar 
tion, and at the same time capable of swallowing immense 
morsels entire. The teeth, namely, are simply fitted for 
seizing ind holding the prey, but not in any way for dividing 
or chewing iL In the harmless and most typical snakes, the 
teeth are in the form of solid cones, which are arranged round 
the margins of the upper and lower jaws, a double row existing 
in the palate as well. Thirdly^ in the venomous snakes, 
however, the ordinary teeth are usually wanting upon the 
superior maxillae, and these bones are themselves very much 
reduced in size. In place of the ordinary teeth, they carry 
the so-called poison-fangs (fig. 157, B). These are a pair of 
long, conica], curved fangs, one on eadi maxilla, which can be 
raised and depressed at wilL Each tooth is perforated by a 
tube, opening by a distinct aperture at the apex of the tooth, 
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and conveying the duct of the so-called poison-gland This 
is a gland, probably produced by a modification of one of the 

bnccal salivary glands, situated behind and under the eye on 
each side, and secreting the fluid which renders the bite of 
these snakes dangerous or fatal. When the animal strikes its 
prey, the poison-fan c^s are erected, and the poison is forced 
through the tube which perforates each, partly by the con- 
tractions of tlie muscular walls of the gland, and partly by the 
muscles of the jaws. In most poisonous snakes the superior 
maxilla: carry no other tcetli except the poispn-fangs and their 
rudimentary successors, but in some cases there are a few 
teeth behind the fangs ; whilst the palatine teeth are always 
present as in the harmless species. Some of the most deadly 
snakes, too» carry upon the upper maxillas long grooved or 
canaliculated iangs, which cannot be raised or depressed at 
will, and which have smaller solid teeth behind them. Others^ 
again^ not certainly known to be poisonous^ have canaliculated 
&ngs placed far back upon the superior majrillaB, with small 
solid teeth in front of them. , 

Fourthly, in all the Serpents the teeth are anchylosed to the 
jaw, and are never sunk into distinct sockets or alveoli. 

A good classification of the Ophidia is still a desideratum, 
and probably, in the meanwhile, the one proposed by Dr Gray 
is the best. This eminent naturalist divides the snakes into 
the two sub-orders of the Viperina and Coliibrina^ the former 
having only two perforated poison -fangs on the su{)erior 
maxillas, whilst these bones m the latter carry solid leeLh, 
either with or without additional canaliculated fangs. 

The sub-order Viferma comprises the< common Vipers 
( Vipendat)^ and the Ratdesnakes {Craiaiidm)^ the former being 
wholly confined to the Old World, whilst the latter are mostly 
American. The common Viper {Peiias hems) occurs abun- 
dantly in England and Scotland, and is capable of inflicting 
a severe and even dangerous bite, though it is doubtful if fatal 
effects ever follow except in the case of children or subjects 
]»DeviousIy debilitated The Rattlesnakes are almost exclu- 
sively natives of America, and they are highly poisonous. The 
extremity of the tail in the true Rattlesnake [Crotalus horridus) 
is furnished with a series of horny epidermic rings, constituting 
an appendage which is known as the ''rattle." This produces 
a kind of rattling noise when the animal moves, but the exact 
object of this appendage is a doubtful one. The head of the 
Viperine Snakes (figs. 157, 158) is broad, somewhat triangular 
in shape, broadest at its middle, and showing a very distinct 
line of demarcation between the head and neck. The head 
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also, is ii?;iiany covered with small scales, rarely inlerspcrsed 
with larger plates or "scuta" (fig. 158). The Colubrina 
include for the most part harmless snakes, but together with 
these are some of the most deadly of all the venomous snakes. 
In accordance with this they are often divided into the threes 
sections of the Innocua^ Suspecta^ and Venenosa, In the first 
of these sections {Innocua), the superior maxillae are pro- 
vided with solid teeth oxklf f and there are no fangs. In this 
section are tiie common Ringed Snake of oar own countiy and 
the Boas and Fydjons of warm dimates. The common Rmged 
Snake (ColiAer nairix) of Britain is a perfectly harmless animal 
which is commonly found in damp situations, and which lives 
mainly upon frogs. Closely allied to this is the Black Snake 
{Coliiber constrictor) of North America, also perfecdy harmless. 
The Boidm or Boas and Pythons are the largest of all living 
snakes, attaining a lencrth of certainly over twenty feet. Their 
hite is perfectly harmless, but they are nevertheless highly 
dangerous and destructive animals, o\\\\'\g to their great size 
and enormous muscular power. They seize their prey and coil 
themselves round it in numerous folds, by tightening which 
they gradually reduce their victim to the condition of a shape- 
less bolus, fit to be swallowed. In this way a good-sized 
Python or Boa will certainly dispose of an animal as large as 
a sheep or goat, and it is asserted that even human beings may 
be devoured in this way by large individuals of the family. 
The Boas and Pythons occur in both the Old and New World, 
the Pythons, however, all belonging to the Old World ; and 
they are amongst the most fonnidable of all living Ophidians. 

In the section Suspeekt^ in which there are canaliculated 
fangs placed far back on the superior maxillse, with smaller 
solid teeth in front of them, are certain unimportant snakes, 
partly aquatic and partly terrestrial in their habits, and all be- 
longing to the Old World. 

In the group Vefimosa^ in which there are canaliculated 
fangs placed in front of the superior maxillae with smaller solid 
teeth behind them, are some of the most deadly of all living 
serpents. One of the best known of these is the Hooded 
Snake, or Cobra di Capello (Naja tripudians), ^^hich is com- 
monly found ui ilindosLan, and is the snake usually carried 
about by the Indian snake-channers. Also in this bcction arc 
the venomous Water-snakes iHydrophidai\^ which have a com- 
pressed tail, and are adapted for an aquatic life They mostly 
frequent the mouths of riven in droves, and they swim with 
great grace and rapidity. 

A veiygood general character by which the Cohtfarine snakes 
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may be distinguished from the Viperine snakes, is in the shape 
and armature of the head. Tn the Viperina, as before said, the 
head (figs. 157, 158) is triangular, broadest behind, and sepa- 
rated from the neck by a more or less marked diminution in 
the diameter of this latter part. The scales, too, which cover 
the head ar^ of small size. In the Colubrine snakes, on the 




other hand, the head is not markedly triangular, and gradually 
tapers off into the neck, whilst the upper surface of the head is 
usually covered with large shield-like plates or ^ scuta" (fig. 
158, A). 

Distribution of Ophidia in Time. — The Ophidia aie not 
known to occur in any Palaeozoic or Mesozoic deposit The 

earliest known traces of any serpent are in the Lower Kainozoic 
Rocks, the oldest being the Palaophis toliapicus of the London 
Clay of Sheppey. The nearly-allied Paler phis typhaus of the 
Eocene beds of Bracklesham appears to have been a Boa-con- 
strictor-like snake of about twenty feet in length. In some of 
the later deposits have been found the poison-fangs of a veno- 
mous snake. Upon the whole, however, the snakes must be 
looked upon as a comparatively modem group, and not as one 
of any great geological antiquity. 
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CHAPTER LXIV. 

LACERTIUA AND CROCODIUA. 

Order III. Lacbrtilia. — The third order of Reptiles is that 
of the LacertUia^ comprising all those animals which are com- 
monly known as Lizards, together with some serpentiform ani- 
mals such as the Blind-worms. The LaeertiUa are distinguished 

by the following characters : — 

As a general rule, there are two pairs of well-developed 
limbs, but there may be only one pair, or all the limbs may be 
absent A scapular arch is always present, whatever the con- 
dition of the limbs may be. An exoskeleton, in the form of 
homy scales like those of the Snakes, is almost always ]:)resent 
The vertebrae of the uursal region are procoelous or concave in 
front, rarely amphiccelous or concave at both ends. There is 
a single transverse process at each side, and the heads of tiie 
ribs are simple and undivided. There is either no sacrum, or 
the sacral vertebrae do not exceed two in number. The teeth 
are not lodged in distinct sockets. The eyes are generally 
furnished with movable eyelids, and are always so in the com- 
pletely snake-like forms. The heart consists of two auricles 
and a ventricle, the latter partially divided by an incomplete 
partition. There is a uiinaiy bladder, and the aperture of the 
cloaca is transverse. 

As a general rule, the animals included under this order 
have four well-developed legs (fig. 159), and would therefore 
be popularly called Lizards." Some ol the Lacertilia^ how- 




ever, have only a single developed pair of limbs, and some have 
none at all : thus coming in external appearance closely to re- 
semble tiie tiue Snakes or Ophidians. These bcipentiform 
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Lizards, however, can be distinguished from the tnie Snakes, 
amongst other characters, by the stnictnre of the jaws. In the 
Snakes, as before said, the two rami of the lower jaw are loosely 
united in front by ligaments and muscles, and are attached 
behind to a movable quadrate bone, which is in turn connected 
with a movable squamosal, this giving an enormous width of 
gape to these animals. In the Lizards, however, even in those 
most like the Snakes, tlic halves of the lower jaw are firmly 
united to one another in front, and though the quadrate bone 
is usually more or less movable, the jaws can in no case be 
separated to anjrthing like the extent that cbaiacteiises the 
Ophidia. 

Another good and still more obvious character is to be found 
in the structure of the protective coverings of the eye. In the 
Snakes eyelids are wanting, and the eye is simply covered by 

a layer of epidermis, constituting the so-called " antocular 
membrane." In almost all the Lizards, on the other hand, in- 
cluding all the completely snake-like forms, there are movable 
eyelids, and in few cases is there ?.ny structure comparable to 
the antocular membrane of the true Snakes. Lastly, the typi- 
cal Lizards all possess a sternum or breast-bone, but this is 
wanting in some of the snake-like forms, so that it cannot be 
appealed to as a character by which the LacertUia can be se- 
parated from the Ophidia. 

The whole order of the LcLcertilia is very often united with 
the next group of the Crocodilia, under the name of Sauria, 
The term Saurian,** however, is an exceedingly convenient 
one to designate all the reptiles which approach the typical 
Lizards in external configuration, whatever their exact nature 
may be ; and from this point of view it is often very usefiil as 
applied to many fossil forms, the structure of which is only im- 
pofectly known. It is therefore perhaps best to employ this 
term merely in a loose general sense. 

The LaceriUia are often divided into the two great grot^ <^ 
the Fissilinguia and BrevUinguia^ according as the tongue is 
bifid and protnisible like that of the Ophidians, or is thick and 
fleshy, and only protrusible when the mouth is open. These 
distinctions, however, are not of any very great value, and no 
good general arrangement of the order has hitherto been pro- 
posed. Here, therefore, it will be sufficient to treat very, 
shortly of the more important families of the Lacertilians. 

The first famJly of any iiiijxjitance is that of Ampkisbcm- 
idte, comprising a number of snake-like aniinala which have 
long occupied a debatable position. In their serpentiform 
cylindrical form these animals closely resemble the true Ophidia^ 
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and this likeness is still further increased by the absence or 
rudimentary condition of the limbs. The scapular arch and 
sternum, however, are present in a rudimentary form, and 
in one genus (C/tirotes) there is a pair of short fore-limbs, 
placed near the head, and furnished with five fingers. Another 
character separating the AmphisbcBuidcR from the true Snakes is 
the structure of the lower jaw, the rami of which are united in 
front by a symphysis so as greatly to restrict the gape. The 
Amphisbcmida are all small animals, found chiefly in South 
America, but also in Africa and Spain. 

Hie next great fionily is that of the Sdndda^ including a * 
number of small Laceitilians, some of which are completely 
snake-like, whibt others possess two limbs, and others again 
have the normal two pairs of limbs in a well-developed condi- 
tion. All possess movable eyelids, and in all the conforma- 
tion of the lower jaw is Lacertilian, and not Ophidian. Of the 
snake-like forms of this group, none is more familiarly known 
than the Blind-worm or Slow-worm {Ar^uis fragUis^ fig. i6o), 




Fig. z6ol— The Blind-wona {^ngiiuJnigUi»y~9S!ua BdL 

which is found over almost the whole of Europe, in western 
Asia, and northern Africa, and which is one of the most abun- 
dant of the British Reptiles. The Blind-worm possesses no 
pttemal appearance of limbs, though the scapukr and pelvic 
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arches are present in a nidimentaiy condition. Its appearance is 
completely serpentiform, and it is vulgarly regarded as a dan- 
gerous and venomous animal, but quite erroneously, as it is 
even unable to pierce the human skin. It is a perfectly harm- 
less animal, living upon worms, insects, p-nd snails, and hyber- 
nating during tiie winter. It derives its specific name of /rag- 
ilis from the fact that when alarmed it stiffens its muscles to 
such an extent that the tail can be readily broken off, as if it 
were brittle. 

Numerous other small Lizards arc referable to the Scinddx^ 
but it is only necessary to mention the Skinks themselves 
(Sancus)^ in which both pairs of limbs are present in a well- 
developed state. The Skinks are found in almost all die 
warmer parts of the Old World, and closely-allied forms (such 
as the West Indian " Galliwasp ") are found in the New World 

The next family is that of the Lacertidce, comprising the 
typical Lizards, in which there are always four well-developed 
limbs, each terminated by five free toes of unequal lengths. 
The body is covered with scales, which assume the form of 
shields or scuta " over the abdomen and on the head. The 
tongue is slender, bifid, and protrusible. The only truly Brit- 
ish Lizards are the Sand-Lizard (Lacerta agilis), and the Vivi- 
parous Lizard {Zootoca vivipara)\ and the commonest form 
upon the Continent is the graceful little Green Lizard {Laccrta 
viridis)y which also occurs in Jersey. The Lizards 01 the Old 
World are represented in America by the Ameiva^ some of 
which attain a lengtii of several feet. 

Very closely allied to the true Lizards are the VaranidcB or 
Monitors, which indeed are only separated by the compara- 
tively trivial &ct that the abdomen and head are covered with 
ordinary scales, and not with laige " scuta." The Monitors 
are exclusively found in the Old Wofld, and are the laigest of 
all the recent LacertUia; the Varanus NikUcus of Egn>t at* 
taining a length of six feet, and the Varcmus biviUaius of Java 
attaining to as much as eight feet 

The Gtckotida form a laige family of Lizards, comprising a 
great number of species, occurring in almost all parts of the 
world. One of their leading characters is to be found in the 
fact that the eyes are not furnished with movable eyelids, but 
are covered by a transparent fixed eyelid, resembling the 
"antocular membrane" of the Snakes, behmd which the eye 
moves freely. The tongue, too, is short, fleshy, and only pro- 
trusible to a very hmited extent. They feed on insects, and 
are found in abundance in tiie wanner parts of both the Old 
and New Worlds. 
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The JguanidcB constitute another large family of Lizards, 
also belonging partly to the Old and partly to the New World. 
They are often divided into " ground-iguanas," in which the 




Ftf. 161.— Head of a CiMimciteom (C. iVIryiAt)— after Gny. ' 

body is flat and depressed, and "tree-iguanas," in which the 
body is compressed. The members of the genus Iguana itself 
(fig. 159) are confmed to the New World, and are distinguished 
by having the throat furnished with a pendulous dewlap or 
fold of skin, the edge of which is toothed. The back and 
tail, too, are furnished with an erect crest of pointed scales. 
The Iguana attains a length of from four to five feet, and 
though not of a very inviting appearance, is highly esteemed 
as food. More remarkable than the true Iguanas is the litde 
Flying Dragon {Draco volans) of the East Indies and Indian 
Archipelaga In this singular little Lizard there is a broad 
membranous expansion on each side, formed by a fold of the 
integument, supported upon the anterior false ribs, which run 
straight out from the spinal column. By means of these 
lateral expansions of the skin, the Draco volans can take long 
flying leaps from tree to tree, and can pursue the insects on 
which it feeds; but the lateral membranes simply act as 
parachutes, and there is no power of true flight, properly so 
called. 

The last family of the living Lizards which reciuires notice 
is that of the Chamaleontidoi^ containing the familiar little 
Chamaleo Afrkanus^ which occurs abundantly in the north of 
Africa and in Egypt, and is so well known for its power of 
changing its colour under iiritation or excitement In this 
%tsm the eye ^fig. 161) is of large size, and is covered \sf a 
sinffle circular lid, fonned by a coalescence of the two hds^ 
and perforated centrally by a small aperture by which the 
lays of light reach the pupiL The Chameleon is naturally a 
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sluggish animal, but it catches its food, consisting of in- 
sects, by darting out its long, fleshy, and glutinous tongue 
— an operation which it effects with the most extraordinary 

rapidity. 

Distribution of Lacertilia in Time. — The geological 
range of the true Lacertilia is not by any means very great, 
nor, with a single exception, are their remains of much import- 
ance. The earliest traces of Lizards m the stratified series are 
found in the fresh-water strata of the Purbeck Beds at the 
summit of the Jurassic Series. Several small Lizards occur 
here, and have been described under the names ^sUNiUhaes^ 
Maeelladonf SauriUusy and Mchmodmi, The most remarkable 
fossil Lizard, however, is the M&sasaurus of the Chalk. This 
gigantic reptile occurs at the very summit of the Cretaceous 
Series, in what is known as the Maestridit Chalk. The skull 
is no less than five feet long ; and as the tail and limbs were 
formed for swimming, there can be little doubt but that Mosa- 
saurus — like the living AmblyrhynchuS'^irdS aquatic in its 
habits, and frequented the sea-shore. 

Order IV. Crocodilia. — The last and highest order of 
the living Kept ilia is that of the Crocodilia, including the living 
Crocodiles, Alligators, and Gavials, and characterised by the 
following peculiarities : — 

The body is covered with an outer epidermic exoskeleton 
composed of homy scales, and an inner dermal exoskeleton 
consisting of bony plates or scutes, which may be confined to 
the dorsd surface alone, or may exist on the ventral surface as 
well. The bones of the skull and face are firmly united to- 
gether, and the two halves or rami of the lower jaw are united 
in front by a suture. There is a single row of teeth, which are 
implanted in distinct sockets. The centra of the dorsal verte* 
brse in all living Crmdilia are proccelous, or concave in front, 
but in the extinct forms they may be either amphicoelous (con- 
cave at both ends) or opisthocoelous (concave behind). The 
vertebral ends of the anterior trunk-ribs are bifurcate. There 
are two sacral vertebras. False ribs are usually developed in 
the wall of the abdomen. There are no clavicles. The heart 
consists of four completely di'^tinct and separate cavities, two 
auricles, and two ventricles, the ventricular septum — as in no 
other Reptiles — being complete. The right and left aortae, how- 
ever, or, in other words, the pulmonary artery and systemic aorta 
are connected together close to their origin by a small aper- 
ture {foramen ranizzce), so that the two sides of the heart 
communicate with one another. The aperture of the cloaca is 
longitudinal, and not transverse, as in the lizards^ All tlie 
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four limbs are present, the anterior ones being pentadactylous, 
the posterior tetradactylous. All axe oviparous. 

The chief points by which the Crocodiles are distinguished 
from their near allies, the Lacertilians, are the possession of 
a partial bony demial exoskeleton in addition to the ordinary 
epidennic covmag of scales, the lodgment of the teeth in 
distinct sockets, and the iact that the mixture of venous and 
arterial blood, which is so characteristic of Reptiles, takes 
places not in die heart itself, but in its immediate neighbour- 
hood, by a communication between the pulmonary artery and 
aorta directly after their origin. 

The only other points tibout the Crocodiles which require 
special notice are that the eyes are protected by movable eye- 
lids; the ear is covered by a movable ear-lid; the nasal cavities 
open in front by a single nostril, and are shut off from the 
cavity of the mouth, but open far back into the cavity of the 
pharynx ; and lastly, the tongue is large and fleshy, and is im- 
movably attached to the bottom of t£e mouth. (Hence the 
bdief of the ancients that the Crocodile had no tongue.) 

The Crotodtlia abound in the fresh waters of hot countries, 
and are the laigest of all living Reptiles, not uncommonly at- 
taining a length of twenty feet ^r upwards. They are divided 
by Owen into three sub-orders, according to the shape of the 
dorsal vertebiae, teimed the Froccdia^ AmpkUmHa^ and OpU- 
thocalia. 

Sub-order i. Proccelia. — In this sub-order are all the living 
members of the Crocodilia, distinguished by having the bodies 
of the dorsal vertebra concave in front (procoelous). The 
best -known species of the living Crocodilia are the Gavial 
(GaviaJis Gatigcticd)^ the Nilotic Crocodile {Crocodiius Nilot- 
icus)f and the Alligator {AlligeUar Mississipensis), These three 
foims have at the present day a very restricted geographical 




Fig. x6a.— Skull of young CrocodUus bi^ercaiiu (after Van der HOvenX 

range, the Gavial being exclusively confined to the rivers of Hin- 
do^tan, the. CrocodUus NiloHats being African, and the Alligator^ 
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being American. The Gavial is distinguished by its elongated 
snout, at the extremity of which the nostril is placed, and by 
the fact that the teeth are pretty nenrly equal in size and 
similar in form in the two jaws. In the true Crocodiles (fig. 
162) the fourth tooth in the lower jaw is larger than the others, 
and forms a canine tooth, which 15 recdv^ into a notch ex- 
cavated in the side of the alveolar border of the upper jaw, 
so that it is visible externally when the mouth is closed. In 
the Caimans or Alligators the same tooth in the lower jaw 
forms a canine, but it is received into a pit in the palatal sur- 
face of the upper jaw, where it is entirely concealed when the 
mouth is shut. 

True procoelian Crocodiles occur for the first time m the 
Greensand (Cretaceous Series) of North America. In Europe, 
however, the earliest remains of procoelian Crocodiles are from 
the Lower Tertiary Kocks (Eocene). It is a curious fart that 
in tile Eocene Rocks of the south-west of England, there occur 
fossil remains of all the three living types of the Crocodilia — 
namely, the Gavials, true Crocodiles, and Alligators \ though 
at the present day these forms are all geographically restricted 
in their range, and are never associated together. 

Sub-order 2. AmphiaUia,'^'Y\i^ Amphiccslian Crocodiles, 
with biconcave vertebrse^ are entirely extinct. They have but 
a limited geological range, extending only from the lias to 
the Chalk, inclusive, and being therefore strictly Mesozoic* 
The biconcave vertebrae show a decided approach to the 
structure of the backbone in fishes; and as the rocks in which 
they occur are marine, there can be little doubt h\\\ that these 
Crocodiles were, in the majority of cases at any ratu, marine. 
The most important gentra belongnig to this order arc 2ilc(h 
SOUTHS^ SiauffsauruSf Dahosaunis^ Makrosjxmdylus, and Sucfuh 
saurus^ the last being from the fresh-water deposits of the 
Wealden (Oetaceous). 

Sub-araer 3. OpisthocosUiL — This sub-order, like the last, is 
entirely extinct, and is exclusively Mesozoic, all the known 
examples occurring in the Liassic, Oolitic, and Cretaceous 
Rocks. The most important genera are Streptospmdylus and 
Cetiosannis, The Cetiosanrus longits of the Upper Oolites 
(Portland Stone) must have been the largest of all known Cro- 
codUia, the vertebrae of the tail measuring as much as seven 
inches in length, and more than seven inches across. 

• If the so-called "Thecodont" Reptiles, such as Thecodontosaurus 
and Belodoftf belong to this suboorder, then the Amphiccelian Crocodilia 
date from the age the Triassic Rods. 
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CHAPTER LXV. 

EXTINCT ORDERS OF REPTILES, 

It remains now to consider briefly the leadii^^ characters of 
five wholly extinct orders of Reptiles, the peculiarities of which 
are very extraordinaiy, and are such as are exhibited by no 

living forms. 

Order V. Ichthyoptertgia, Owen ( = Ichthyosauna^ Hux- 
ley). — The gigantic Saurians forming this order were distin* 
guished by the following rh.irncters : — 

The horly was fish-Hke, without any distinct neck, and pro- 
bably covered with a smooth or wrinkled skin, no homy or 
bony exoskeleton having been ever discovered. The vertebrae 
were numerous, deeply biconcave or amphiccelous, and having 
the neural arches united to the centra by a distinct suture. 
The anterior tmnk-ribs ijossess bifurcate heads. There is no 
sacrum, and no sternal ribs or stemnm, but clavicles were pre- 
sent as well as an interclavicle (epistemum); and false ribs 
were developed in the walls of Ihe abdomen. The skull had 
enormous orbits separated by a septum, and an elongated 
snout. The eyeball was protected by a ring of bony plates in 
the sclerotic. The teeth were not lodged in distinct sockets, 
but in a common alveolar groove. The fore and hind limbs 
were converted into swimming-paddles, the ordinary number 
of digits (five) reitiaining recognisable, but the phalanges being 
greatly increased in number, and marginal ossicles being added 
as well A vertical caudal fin was in all probability present. 

The order Ichthyopterygia includes only the gigantic and 
fish-like Ichthyosauri (fig. 163), all exclusively Mesozoic, and 
abounding in the Lias, Oolites, and Chalk, but especially char- 
acteristic of the Lias. There is no doubt whatever but that 
the Ichthyosauri -vfQTQ essentially marine animals, and they have 
be^i crften included with the next order (Sauropkrygia) in a 
common group, under the name of £iuUiosauHa or Sea- 
lizards. 

In the biconcave vertebrae and probable presence of a ver- 
tical tail-fin, the Ichthyosaurus approaches the true Fishes. 
There is, however, no doubt as to the fact that the animal was 
strictly an air-breather, and its reptilian characters cannot be 
questioned, at tlie bame Liinc tliat the conformation of the limbs 
is decidedly Cetacean in many respects. Much has been 
gathered firom various sources as to the habits of the Ichthyo- 
saurus^ and its histoiy is one of great interest From the re- 
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searches of Bucldand, Conybeare, and Owen, the following 
facts appear to be pretty well established : — That the Ichthyo- 
sauri kept chiefly to open waters may be infeired irom their 




Fig;. 163.— /cAMjwaxntf ccmmuni*. 



Strong and well -developed swimming-appaxatus. That they 
occasioiially had recourse to the shore, and crawled upon the 

beach, may be safely inferred from the presence of a strong 
and well-developed bony arch, supporting the fore-limbs, and 
closely resembling in stnirture the scapular arch of the Orni- 
thorhynchus or Duck-mole of Australia. That they lived in 
Stormy seas, or were in the habit of diving to considerable 
depths, is shown by the presence of a ring of bony plates in the 
sclerotic, protecting the eye Irom mjury or pressure. That 
they possessed extraordinary powers of vision, especially in the 
dude, is certain ftom the size of the pupil, and from the enor- 
mous width of the orbits. That they were carnivorous and 
predatory in the highest degree is shown by the wide mouth, 
the long jaws, and the numerous, powerful, and pointed teeth. 
This is proved, also, by an examination of their petrified drop- 
pings, which are known to geologists as " coprolite?;/' and 
which contain numerous fragments of the scales and bones of 
the Ganoid fishes which inhabited the same seas. 

Ori er VI. Sauroptervgia, Owen {—Plesiosauria^ Hux- 
ley). — This order of extinct reptiles, of which the well-known 
I'lesiosaurus may be taken as the type, is cliaracterised by the 
following peculiarities : — 

The body, as far as is known, was naked, and not furnished 
with any homy or bony exoskeleton. The bodies of the ver- 
tebrae were eitiier flat or only ^ghdy cupped at each end, and 
the neural arches were anchylosed with the centra, and did not 
remain distinct during life. The transverse processes of the 
vertebrae were long, and the anterior trunk-ribs had simple, not 
bifurcate, heads. No sternum or sternal ribs are known to have 
existed, but there were false abdominal ribs. The neck in 
most was greatly elongated, and composed of numerous verte- 
brae. The sacrum was composed of two vertebrae. The orbits 
were of large size, and there was a long snout, as in the Ichthyo- 
sauriy but there was no circle of bony plates in the sderotic 
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The limbs agree with those of the Ichthyosauri in being in the 
form of swimming-paddles (fig. 164), but differ in not possessing, 
any supernumerary marginal ossicles. A pectoral arch, formed 
of two clavicles and an mterckvicle (epistemum) appears to 
have been sometimes, if not always, present The teeth were 
simple, and were insarted into distinct sockets^ and not lodged 
in a common groove. 




The most familiar and typical member of the Sauropterygia 
is the Flesiosaurus (fig. 164), a gigantic marine reptile, chiefly 
diaiacteristic of the Lias and Oolites. As legaxds the habits 
of the FlaiasauruSf Dr Conybcare arrives at the following con* 
elusions : — ** That it was aquatic is evident from the form of 
its paddles ; that it was marine is almost equally so from the 
remains with which it is universally associated; that it may 
have occasionally visited the shore, tiie resemblance of its ex« 
tremities to those of the Thirties may lead us to conjecture ; its 
movements, however, must have l)een very awkward on land; 
and its long neck must have impeded its progress through the 
water, presenting a striking contrast to the organisation which 
so admirably fits the Ichthyosaurus to cut through the waves." 
As its respiratory orgaiiij were such that it must of necessity 
have required to obtain air frequently, we may conclude that 
it swam upon or near the surfrice, arching back its long neck 
like a swan, and occasionally darting it down at the fish which 
happened to float within its reach. It may, perhaps^ have 
lurked in shoal water along the coast, concealed amongst the 
sea-weed; and raising its nostrils to a level with the surface 
from a considerable depth, may have found a secure retreat 
from the assaults of powerful enemies; while the length and 
flexibility of its neck may have compensated for the want of 
strength in its jaws, and its incapacity for swift motion through 
the water." 

The geological range of the Plesiosaums is from the Lias to 
the Chalk inclusive, and specimens have been found indicating 
a length of from eighteen to twenty feet 

Of the other genera of the Sauropterygia, Simosaurus and 
Nothosaurus are from the Trias, and are chiefly characteristic 
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of its middle division, the Muschelkalk. Placodus is another 
genus, also from the Muschelkalk, and is characterised by the 
extraordinary form of the teeth, which resembled those of many 
fishes in forming broad crushing plates, constituting a kind of 
pavement. 

Order VII. Anomodontia, Owen (= Dicynodontia, Hux- 
ley). — The leading characters of this oider are to be found in 
the structure of the jaws, which appear to have been sheathed 
in horn, so as to constitute a kind of beak, very like that of the 
Chdonians. In the genera Ehymhosaurus and Oudmodm 
both jaws seem to have been altogether destitute of teeth, but 
in Dicynodon there were two long tusks, growing fi'om persist- 
ent pulps, placed one on each side in Sie upper jaw. The 
pectoral and pelvic arches were very strong, and the limbs were 
well developed and fitted for walking, and not for swimming. 

Dicynodon and Oudmodon are known only from strata of 
supposed Triassic age in South Africa and India, but Khyncha- 
saurus occurs in the Trias of Europe. 

Order VIII. Pterosauria. — This order includes a group 
of extraordinary flying Reptiles, all belonging to the Mesozoic 
epoch, and exhibiting in many respects a veiy extraordinaiy 
combmation of characters. The most ^miliar members of the 
order are the so^alled " Pterodactyles," and the following are 
the characters of the order : — 

No exoskeleton is known to have existed. The dorsal 
vertebrae are proccelous, and the anterior trunk - ribs are 
double-headed. There is a broad sternum with a median 
ridge or keel, and ossified sternal ribs. The jaws were always 



Figi i6s,—^Urpdaeiyliu bminufrit. Skdeton and mloialioo. 

armed with teeth, and these were implanted in distinct sockets. 
In some forms {Ramphorhynchus) there appear to have been 
no teeth in the anterior portion of the jaws, and these parts 
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seem to have been sheathed in horn, so as to constitute a kind 
of beak. A ring of bony plates occurs in tiie sclerotic coat of 
the eye. The pectoral arch consists of a scapula and distinct 
coiacoid bone» articulating with the sternum as in ]^ids» but 
no davides have hitherto been discovered. The foire-limb 
{fig, 165) consists of a humerus, ulna and radius, carpus, and 
hand of four fingers, of which tiie inner three are short and 
unguiculate, whilst the outermost is clawless and is enonnously 
elongated. Between this immensely - lengthened finger, the 
side of the body, and the comparatively small hind-limb, there 
must have been supported an expanded flying-membrane or 
" pataeiiim," which the animal must have been able to employ 
as a wing, much as the Bats of the present day. Lastly, most 
of the bones were ' pneumatic" — that is to say, were hollow 
and filled with air. 

By the presence of teeth in distinct sockets, and, as will be 
seen here^er, especially in the structure of the limbs^ the 
Pterodactyles differed from all known Hrds, and there can 
be little question as to their being genuine Reptiles. The only 
Reptile^ however, now existing, which possesses any power of 
sustaining itself in the air, is the litde Drato volansy but this 
can only take extended leaps from tree to tree, and cannot 
be said to have any power of flight properly so called. That 
the Pterodactyles, on the other hand, possessed the power of 
genuine flight is shown by the presence of a median keel upon 
the sternum, proving the existence of unusually-developed 
pectoral muscles; by the articulation of the coracoid bones 
with the top of the sternum, providing a fixed point or fulcrum 
for the action of the pectoral muscles ; and, lasdy, by the exist-* 
ence of air-cavities in the bones, givii^ the animal the neces> 
sary degree of lightness. The apparatus, however, of flight was 
not a wing,'* as in Birds, but a flying-membrane, very similar 
in its mode of action to the patagium of the Mammalian order 
of the Bats. The patagium of the Bats, however, differs from 
that of the Pterodactyles in bein^ supported by the greatly- 
elongated fingers, whereas in the latter it is only the outermost 
finger which is thus lengthened out. 

The Pterosaiiria are exclusively Mesozoic, being found from 
the Lower Lias to the Middle Chalk inclusive, the Lilhugraphic 
Slate of Solenhofen (Upper Oolite) being particularly rich in 
their remains. Most of them appear to have attained no very 
great sixe^ but the remains of a spedes from the Cretaceous 
Rocks have been considered to indicate an animal with nuwe 
than twenty feet expanse of wing, counting from tip to tip. 

In the genus PUroda^hts proper, the jaws are provided 
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with teeth to their extremities^ all the teeth being long and 
slender. 

In JHmarphodm^ the anterior teeth are large and pointed^ 

the posterior teeth small and lancet-shaped 

In RajfiphorhynchuSy the anterior portion of both jaws is 
edentulous, and may have formed a horny beak, but teeth 
are present in the hinder portion of the jaws. 

Order IX. Dinosauria. — The last order of extinct Reptiles 
is that of the Di)i O Miuria^ comprising a group of very remarkable 
Keptiles, which siiow many points of decided affinity to the 
Birds on the one hand, and to the so-called Pachydermatous 
Manunals on the other. Most of the Dinosmma were of 
gigantic size^ and the order is defined by the following 
characters : — 

The skin was sometimes naked, sometimes furnished with a 
well-developed exoskeleton, consisting of bony shields, much 
resembling those of the Crocodiles. A few of the anterior ver- 
tebrae were opisthocoelous, the remainder having flat or slightly 
biconcave bodies. The anterior trunk-ribs were double-headed. 
The teeth were coniined to the jaws and implanted in distinct 
sockets. There were always two pairs of limbs, and these were 
strong, furnished with claws, and adapted for terrestrial pro- 
gression. In some cases the fore-limbs were very small in 
proportion to the size of the hind-limbs. No clavicles have 
been discovered. 

The most familiar examples of the Dinosauria are M^gah- 
saurus and Iguanodon, 

M^alosaums is a gigantic Oolitic Reptile, which occurs also 
in the Cretaceous series (Weald Clay). Its length has been 
estimated at between forty and fifty feet, the femur and tibia 
each measuring about three feet in length. As the head of 
the femur is set on nearly at right angles with the shaft, whilst 
all the long bones contain large medullar)' cavities, there can 
be no doubt but that Mcgalosaurus was terrestrial in its habits. 
That it was carnivorous and destructive in the highest degree is 
shown by the powerful, pointed, and trenchant teeth. 

The Iguanmbn is mainly, if not exclusively, Cretaceous, 
being especially characteristic of the great delta-deposit of the 
Wealden. The length of the Iguanodm has been estimated as 
being probably from fifty to sixty feet, and Irom the close re- 
semblance of its teeth to those of the living Iguanas, there is 
little doubt that it was herbivorous and not carnivorous. The 
femur of a large Iguanodon measures from four to five feet in 
length, with a circumference of twenty-two inches in its smallest 
part From the disproportionately small size of the fore-limbs, 
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and from the occurrence of pairs of gigantic three-toed foot- 
steps in the same beds, it has been conclndcd, with much pro- 
bability, that Igtianodon^ in spite of its enormous bull', must 
have walked temporarily or permanently upon its hind-legs, 
thus coming to present a most marked and striking affinity 
to the Birds. 

The most remarkable, however, of the Dinosauria is the 
little Compsognaihus longipes from the Lithographic Slate of 
Sola)hofen» referred to Siis order by Ftofessor Huxley. This 
Reptile is not remarkable for its size, which does not seem to 
lutye been much more than two feet, but for the remarkable 
lenities which it exhibits to the true Birds. The head of 
OmpoffuUhus was furnished with toothed jaws, and supported 
upon a long and slender neck. The fore-limbs were very 
short, but the hind-limbs were long and like those of Birds. 
The proximal portion of the tarsus resembled that of Birds in 
being anchylosed to the lower end of the tibia; but the distal 
portion of the tarsus — unlike that of Birds — was free, and was 
not anchylosed with the metatarsus. Huxley concludes that 
" it is impossible to look at the conformation of this strange 
Reptile, and to doubt that it hopped or walked in an erect or 
semi-erect position, after the manner of a bud, to which its long 
neck, slight head, and small anterior limbs must have given it 
an extraordinary resemblance.*' 
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CHAPTER LXVI. 

CLASS IV.^AVES. 

The fourth class of the Vertehrata is that of Aves^ or Birds. 
The Birds may be shortly defined as being oviparous Verte- 
brates with warm blood, a double circulation, and a covering 
of feathers " (Owen). More minutely, however, the Birds are 
defined by the possession of the following characters : — 

The embryo possessca an amnion and allantuis, and branchiae 
or gills are never developed at an^ time of life upon the visceral 
arches. The skuU articulates with the vertebral column by a 
single occipital condyle^ Each half or ramus of the lower jaw 
consists of a number of pieces, which are separate from one 
another in the embryo ; and the jaw is united with the skull, 
not directly, but by the inter\'ention of a quadrate bone (as in 
the Reptiles). The fore-limb in no existing birds possesses 
more than three fingers or digits, and the metacarpal bones 
are anchylosed together. In all iivmg Birds the fore-limbs are 
useless as regards prehension, and in most they are organs of 
flight. The hind-limbs in all Birds have the ankle-joint placed 
in the middle of the tarsus, the proximal portion of the tarsus 
coalescing with the tibia, and the distal portion of the tarsus 
being andiylosed with the metatarsus to constitute a single bone 
known as the " tarso-metatarsus." 

The heart consists of four chambers, two aurides, and two 
Tentrides; and not only are the right and left sides of 
heart completely separated from one another, but there is no 
communication between the pulmonary and systemic circula- 
tions, as there is in Reptiles. There is only one aortic arch, 
the right The blood is hot, having an average temperature of 
as much as 103° to 104°. The biood-coipuscles are oval and 
nucleated. 

The respiratory organs are in the form of spongy cellular 
lungs, which are not fretly suspended in pleural sacs; and 
the bronchi open on their surface into a number of air-sacs, 
placed in difioent parts of the body. 
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All birds are oviparous, none bringing forth their young 
alive, or being even ovo - viviparous. All birds are, lastly, 
provided with an epidermic covering, so modified as to con- 
bULute what are known as feathers. 

"Proiessor Huxley's account of the method in which feadiers 
are produced is so remarkably clear, that no apology is neces- 
sary for quoting it in its entirety. Feathers "are evolved 
wiUiin sacs from the surface of conical papillas of the dermis. 
The external surface of the dermal papilla, whence a feather is 
to be developed, is provided upon its dorsal surface with a 
median groove, which becomes shallower towards the apex 
of the papilla. From this median groove lateral furrows pro- 
ceed at an open angle, and passing round upon the under 
surface of the papilla, become shallower, until, in the middle 
line, opposite the dorsal median groove, they become obso- 
lete. Minor grooves run at right angles to the lateral furrows. 
Hence the surface of the papilla has the character of a kind of 
mould, and if it were repeatedly dipped in such a substance as 
a solution of gelatine, and wididrawn to cool until its whole 
surface was covered with an even coat of that substance, it is 
clear that the gelatinous coat would be thickest at the basal 
or anterior end of the median groove, at Ae median ends of 
the lateral furrows, and at those ends of the minor grooves 
which open into them ; whilst it would be very thin at the 
apices of the median and lateral crooves, and between the 
ends of the mmor grooves. If, therefore, the hollow cone of 
gelatine, removed from its mould, were stretched from within, 
or if Its thinnest parts became weak by drying, it w(juld tend 
to give way, along the inferior median line, opposite the rod- 
like cast of the median groove, and between the ends of the 
casts of the lateral furrows, as well as between each of the 
minor grooves, and the hollow cone would expand into a flat 
feather-like structure, with a median shaft, as a * vane ' formed 
of * barbs ' and * barbules.' In point of fact, in the develop- 
ment of a feather, such a cast of the dermal papilla is formed, 
though not in gelatine, but in the homy epidermic layer de- 
veloped upon the mould, and, as this is thrust outwards, it 
opens out in the manner just described. After a certain 
period of growth the papilla of the feather ceases to be 
grooved, and a continuous homy cylinder is formed, which 
constitutes the * quill.'" 

A typical feather (fig. i66) consists of the following parts ; 
—1. The « quill »' or "baxrel'' {a), which forms the basal 
portion of the feather, by which it is inserted in the skin on its 
own dermal papilla. It is the latest-fonned portion of the fea- 
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ther, and consists of a hollow homy cylinder. 2. The "shaft," 
(b) which is simply a continuation of the quill, and which fonus 
the central axis of the feather. 
The inferior surface of the shaft 
always exhibits a strong longitu- 
dinal groove, and it is composed 
of a homy external sheath, con- 
taining a white spongy sub^ance, 
very &e the pith of a plant 3. 
The shaft carries the lateral ex- 
pansions or "webs" of the fear 
ther, collectively constituting the 
"vane," £achweb is composed 
of a number of small branches, 
which form an open angle with 
the shaft, and which are known 
as the "barbs" (^r). The margins 
of each barb are, in turn, furnish- 
ed with a series of still smaller 
branches, which are known as the 
^'barbides." As a general rule, 
the extremities of the barbules are 
hooked, so that those springing 
from the one side of each barb 
interlock with those springing 
from the opposite ade of the 
next barb. In this way the barbs 
are kept in apposition with one 
another over a greater or less 
portion of the entire web. More 
or less of the barbs in the lower 
portion of the feather are, how- 
ever, disunited, and not connected 
by their bazfoules ; and these con- 
stitute what is known as tiie 
down." In the Ostriches^ 
Emeus, and some others, all the ' 
barbs of the feathers are discon- 
nected, giving to the plumage of 
these birds its peculiarly soft 
character. At the point where 
the shaft joins the quill there is 

very generally found a small feather, known as the " accessory 
plume," or " plumule." This is usually much the same in 
structure as the main feather, but considerably smaller. It 




Fig. 166.— Quill-fcathcr (.T/^-w/jm). 
a Quill or barrel; b Shaft; c c 
Webs, composed of the barbs, and 
tQgother fonniqg the "vane.** 
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may, however, be as large as the original feather, or it may be 

reduced to nothing more than a tuft of down. 

The feathers vary m different parts of the bird, and are 
generally divided into those which cover the body — " clothing 
feathers," and those which occur in the wings and tail — "quill- 
feathers." As regards the great quill-feathers of the wings, the 
longest are those which arise from the bones of the hand, and 
they axe called the primaries.** Those which arise from the 
distal end of the foreNaim (ladius and ulna) are tenned the 
** secondaries,** and those which are attached to the proximal 
end of the fore-arm are the ** tertiaries.^' The feathers Avhich 
lie over the humerus and scapula are the " scapulars." The 
rudimentary "thumb" also carries some quills, which form 
what is known as the "alula," or " bastard - win?. " The 
smaller feathers, which cover the bases of the quili-feathers 
above and below, are the ''wing-coverts" — "greater," "lesser," 
and " under." The great quill-feathers uf the tail (" recLnces") 
form a kind of fan of great use in steering the bird in flight, and 
theu: bases are covered by a series of featliers which constitute 
the ** tail-coverts." 

The entire sidOon of the Birds is singularly compact, and at 
the same time singularly light The compactness is due to 
the presence of an unusual amount of phosphate of lime; 
and the lightness, to the absence in many of the bones of the 
ordinary marrow, and its replacement by air. 

As regards the vertebral column^ birds exhibit some very in- 
teresting peculiarities. The cervical region of the spine is 
unusually long and flexible, since the fore-limbs are useless as 
organs of prehension — and all acts of prehension must be exer- 
cised either by the beak or by the hind-feet, or by both acting 
in conjunction. In all birds alike, the neck is sufficiently long 
and flexible to allow of the application of the beak to an oil- 
gland placed at the base of the tail, this act bein^ necessaiy 
for the due performance of the operation of " preemng " — ^that 
is, of lubricating and cleaning Uie plumage. The number of 
vertebras in the neck varies from nine to twenty-four, and their 
structure is always such as to allow of considerable freedom of 
motion one upon the other. The dorsal vertebrae vary from 
six to ten in number, and of these the anterior four or five are 
generally anchylosed with one another, so as to give a base of 
resistance to the wings. In the Cursorial birds, howc\ er (such 
as the Ostrich and Emeu), and in some others (such as the 
Penguin), in which the power of flight is wanting, the dorsal 
vertebras are all more or less freely movable one upon another. 
There are no lumbar vertebrae, but all the vertebrae bet^'een 
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the last dors;nl and the first caudal (varsnn^ from nine to 
twenty) are anchylosed together to form a bone which is ordi- 
narily known as the "sacrum." To this, in turn, the ihac bones 
are anchyluscd along its whole length, giving perfect immo- 
bility to this region of the spine and to the pelvis. 

The coccygeal or caudal vertebrae vary in number from 
eight to ten, and are movable upon one another. The most 
noticeable feature about this part of die spinal column is what 
is known as the " ploughshare-bone.*' This is the last joint of 
the tail, and is a long, slender, ploughshare-shaped bone, de- 
stitute of lateral processes, and without any medullary canal 
(fig. 170, B). In reality it consists of two or more of the 
caudal vertebra?, completely anchylosed, and fused into a 
single mass. It is usually set on to the extremity of the spine 
at an angle more or less nearly perpendicular to the axis of 
the body; and it affords a firm basis for the support of the 
.great quill-feathers of the tail (" rectrices"). It also supports 
the coccygeal oil-glands, and can be raised at pleasure, so as 
to meet the bill, when the operation of preening is in pro- 
gress. In the Cursorial Birds, which do not fly, the terminal 
joint of the tail is not ploughshare-shaped. In the extraordi- 
nary Mesozoic bird, the ArduBOfieryx macrura^ there is no 
ploughshare-bone, and the tail consists of twenty separate 
vertebrae, all distinct ixom one another, and each carrying 
a pair of quill-feathers, one on each side (fig. 183). As the 
vertebrae of the ploughshare-bone are distinct from one another 
in the embryos of existing birds, the tail of the Archaopteryx is 
to be regarded as a case of the permanent retention in the 
adult of an embryonic character. In the increased number of 
caudal vertebrae, however, and in some other characters, the 
tail of the Archcdopicryx makeb a decided approach to the tiue 
Reptiles. 

The various bones which compose the skuU of Birds are 
amalgamated in the adult so as to form a single piece, and the 
sutures even are obliterated, the lower jaw alone remaining 

movable. The occipital bone carries a single occipital condyle 
only, and this is hemispherical or nearly globular in shape. The 

" beak" (fig. 167), which forms such a conspicuous feature in all 
birds, consists of an upper and lower half, or a " superior" and 
inferior mandible." The upper mandible is composed almost 
entirely of the greatly elongated intermaxillary bones, flanked 
by the comparatively small superior maxillae. The inferior 
mandible is primitively composed of twelve pieces, six on each 
sidej but in the adult these are all indistinguishably amal- 
gamated with one another, and the lower jaw' forms a single 
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piece. As in the Reptiles, the lower jaw articulates with the 
skull, not directly, but through the intervention of a distinct 
bone — the quadrate bone or tympanic bone — ^which always re- 




:Fig. 167.— Skull of Spur-wingcd Goose iPUctrctfterus Gamietuu). 

mains permanently movable, and is never anchylosed with the 
skulL In no bird are teeth ever developed in either jaw, but 
both mandibles are encased in horn, forming the beak, and 
the margins of the bill are sometimes serrated. 

The thoracic cavity is bounded by the dorsal vertebrae, 
which are usually, as before said, anchylosed to one another to 
a greater or less extent Laterally, the thorax is bounded by 
the ribs, which vary in number from six to ten pairs. In most 
birds each rib carries a peculiar process — the " uncinate pro- 
cess" — which arises from its posterior margin, is directed up- 
wards and backwards, and passes over the rib next in succes- 
sion behind, where it is bound down by ligament. The first 
and last dorsal ribs carry no uncinate processes, and in some 
cases the processes continue throughout life as separate pieces 
(fig. 168, 6). Anteriorly, the ribs articulate with a series 
straight bonesy which are called the " sternal ribs," but whidi 
in reality are to be looked upon as the ossified " costal carti- 
lages." These sternal ribs (fig. 168, B) are in turn movably 
articulated to the sternum in hoot, and " they are the centres 
upon which the respiratory movements hinge" (Owen). In 
front the thoracic cavity is completed by an enormously-ex- 
panded sternum or breast-bone, which in some birds of great 
powers of flight extends over the abdominal cavity as well, in 
some cases even reaching the pelvis. The sternum of all 
birds which fly, is characterised by the presence of a greatly- 
developed median ridge or keel (fig. 168, A), to which are at- 
tached the great pectoral muscles which move the wings. As a 
general rule, the size of this sternal crest allows a veiy tolerable 
estimate to be formed of the Hying powers of the bird to which 
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it may have belonged ; and in the Ostriches and other birds 
which do not fly, there is no sternal keel. At its anterior 
angles the sternum exhibits two pits for the attachment of the 
coracoid bones. 




Fie. 168. — Breast-bone, shoulder-girdle, and fore-limb of Penguin (after Owen): 
I Sternum, with the sternal keel ; s s Scapula: ; k k Coracoid bones ; c Furculum or 
merry-thought, composed of the united clavicles ; h Humerus; u Ulna; r Radius; t 
Thumb ; m Meucarpus ; > Phalanges of the fingers. B, Ribs of the OoUmi £«gte: 
Ribs givimg off (^^) uncinate pracesMS ; ee Sternal iibi> 



The scapular or pectoral arch consists of the shoulder-blade 
or scapula, the collar-bone or clavicTe, and the coracoid bone, 
on each side. The scapula, as a rule (fig. 168, A, x x), is a 
simple elongated bone, not flattened out into a broad plate, 

and carrying no transverse ridge, or spinous process. Only a 
portion of the glenoid cavity for the articulation with the head 
of the humerus is formed by the scapula, the remainder being 
formed by the coracoid. The coracoid bones (fig. 168, A, kk) 
correspond with the coracoid processes of man, but in birds 
they are distinct bones and are not anchylosed with the scap- 
ula. The coracoid bone on each side is always the strongest 
of the bones forming the scapular arch. Superiorly it articu- 
lates with the clavicle and scapula, and forms part of the gle- 
noid cavity for the humerus. Inferiorly each coracoid bone 
articulates with the upper angle of the stemunu The position 
of the coracoids is more or less nearly vertical^ so that they 
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form fixed points for the action of the wings in their do\vn- 
ward stroke. The clavicles (fig. 168, A, c) are rarely rudimen- 
tary or absent, and are in some few cases separate bones. In 
the great majority, however, of birds, the clavicles are anchy- 
losed together at their anterior extremities, so as to form a 
single bone, somewhat V-shaped, popularly known as the 
^ meny-thought," and technically called the ''fuicolnm." The 
outer extremities of the furculum articulate with Ihe scapula 
and coracoid ; and the anchylosed angle is commonly united 
by ligament to the top of the sternum. The function of the 
davicular or furcular arch is " to oppose the forces which tend 
to press the humeri inwards towards the mesial plane, during 
the downward stroke of the wing" (Owen). Consequently 
the clavicles are stronger, and their angle of union is more 
open, in proportion to the powers of flight possessed by each 
bird. 

We have next to consider the structure of the bones which 

compose the fore - limb or 
"wing" of the bird; and as 
this organ is the one which 
chiefly conditions the pecu- 
liar life of the bird» it is in it 
that we find some of the most 
characteristic points of struc- 
ture in the whole skeleton. 
Though considerably modi- 
fied to suit its function as an 
organ of aerial progression, 
the wing of the bird is readily 
seen to be homologous with 
the arm of a man or the fore- 
limb of a Mammal (fig. 168, 
A, and fig. 169). The upper 
arm (dnu^um) is supported 
by a single bone, the humerus, 
which is short and strong, and 
articulates above with the arti- 
cular cavity formed partly by 
the scapula and partly by the 
coracoid (fig. 169, //). The 
humerus is succeeded distally 
by the fore-arm {antibrachitmi) 
constituted by the normal two 
bones, the radius and ulna (fig. 169, r, «), of which the radius 
is much the smaller and more sl^er, and the ulna much 




Fie. 169. — Fore-limb of the Jer-falcon. 
n Humerus; r Radius; » Ulna; / 
"Thumb;" m Metacaipals, anchylosed 
at thdr eztiaaitiet; >> PhalaqgM of 
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the larger and stronger. The ulna and radius are followed 
inienorly by the bones of the wrist or carpus : but these 
are reduced in number to two small bones, "so wedged in 
between the antibrachium and metacarpus as to limit the mo* 
tions of the hand to those of abduction and adduction neces- 
sary for the folding up and expansion of the wing; the hand is 
thus fixed in a state of pronation ; all power of flexion, exten-> 
sioHy or of rotation, is removed from the wrist-joint, so that 
the wing strikes finnly, and with the full force of the con- 
traction of the depressor muscles, upon the resisting air" 
(Owen). One other bone of the noimal carpus (namely, 
the " OS magnum") is present, but this is anchylosed with one 
of the metacarpals. There are thus really three carpal bones, 
thouijh only two appear to be present. The carpus is followed 
by the metacarpus, the condition of which agrees with that of 
the carpal bones. The two outermost of the normal five 
metacarj)als are absent, and the remairiing three are anchy- 
losed — together with the os magnum — so as to form a single 
bone (fig. 169, m). This bone^ however, appears externally as 
tS formed of two metacarpals united to one another at dieir 
extremities, but free in their median portion. The metacarpal 
bone which corresponds to the radius is always the larger 
of the two (as being really composed of two metacarpals), and 
it carries the digit which has the greatest number of phalanges. 
This digit corresponds with the " index" finger, and it is com- 
posed of two, or s ometimes three, phalanges (fig. 169, /). At 
tlie proximal end of this metacarpal, at its outer side, there is 
generally attached a single phalanx, constituting the so-called 
" thumb " (fig. 169, /), which carries the " bastard-wing." The 
digit which is attached to tlie uhiar riietacarpal corresponds to 
the* "ring finger," and never consists of mm than a single 
phalanx (fig. 169). 

As regards the stracture of the posterior extremity or hind- 
limb, the pieces which compose the innominate bones (namely, 
the ilium, ischium, and pubes) are always anchylosed to one 
another j and the two innominate bones are also always an- 
chylosed, by the medium of the greatly-elongated ilia, to the 
sacral region of the spine. In no living bird, however, with 
the single exception of the Ostrich, are the innominate bones 
united in the middle line in front by a symphysis pubis. The 
stability of the pelvic arch, necessary in animals which sup- 
port the weight of the body on the hind-limbs alone, is amply 
secured in all ordinary cases by the anchylosis of the ilia with 
the sacrum. 

As in the higher Vertebrates, the lower limb (fig. 170, A) 
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consists of a femur, a tibia and fibula, a tarsus, metatarsus, 
and phalanges ; but some of these parts are considerably ob- 
scured by anchylosis. The femur or thigh-bone (fig. 170, A, /) 
is generally very short, comparatively speaking. The chieSf 




Fig- 170.- A, Hind-llmbof the Loon {Colymhw; gl(ictalis)—'&.^tr Owen: i InnoniiMle 
bone; y i hijjh-bone or femur; / 'iihia, with the proximal portion of the tarsus an- 
chylosed to its lower end ; r Fibula; /?; rarsj metatarsus, consisting of the distal 
portion of the tarsus anchylosed with the metatarsus ; >/ Phalanges of the toes. 
Tail «r dM tjoIdcB Eagle: 9 PtonchihaK-boM^ canynif the great taiMisadiefa. 



bone of the leg is the tibia (/), to which a thin and tapering 
fibula (r) is anchylosed. The upper end of the fibula, how- 
ever, articulates with the external condyle of the femur. The 
ankle-joint is placed, as in Reptiles, between the proximal and 
distal portions of the tarsus. The proximal portion of the 
tarsus is undistinguishably amalgamated with the lower end of 
the tibia. The distal portion of the tarsus is anchylosed with 
the whole of the metatarsus to constitute the most characteristic 
bone in the leg of the Bird — ^the " tarso-metatarsus " {m). In 
most of the long-legged birds, such as the waders, the dispro- 
portiooate lei^h of the leg is given by an extraordinaiy elon- 
gati<ni of the taiso-metatanus. 
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The tarso-metatarsus is followed inferiorly by the digits of 
the foot. In most birds the foot consists of three toes directed T 
forwards and one backwards — four toes in all. In no wild 
bird are there more than four toes, but often there are only 

three, and in the Ostrich the number is reduced to two. In 
all birds which have three anterior and one posterior toe, it is 
the posterior thumb or hallux (that is to say, the innermost 
digit of the hind-limb) which is directed backwards; and it 
invariably consists of t7oo phalanges only. The most internal 
of the three toes which are directed forwards, coiibiiU of three 
phalanges ; the next has four phalanges ; and the outermost or 
" little" toe is made up of Jive phalanges (fig. 170, A). This 
increase in an arithmetical ratio of the phalanges of the toes, 
in proceeding from the inner to the outer side of the foot, ob- 
tains in almost all birds, and enables us readily to detect 
which digit is suppressed, when the nonnal four are not all 
present. Variations of different kinds exist, however, in ,the 
number and disposition of the toes. In many birds — such as the 
Parrots — the outermost toe is turned backwards, so that there 
are two toes in front and two behind. In others, again, the 
outer toe is normally directed forwards, but can be turned 
backwards at the will of the animal. In the Swifts, on the 
other hand, all four toes are present, but they are all turned 
forwards. In many cases — especially amongst the Natatorial 
birds — ^the hallux is wholly wanting, or is rudunentary. In the 
Emeu, Cassowary, Bustards, and other genera, tiie hallux is in- 
variably absent, and the foot is three-toed. In the Ostrich 
both the hallux and the next toe index are wanting, and 
the foot consists simply of two toes, these being the outer toe 
and the one next to it 

The digestive system of birds comprises the beak, tongue, 
gullet, stomach, intestines, and cloaca. Teeth are invariably 
'wanting in birds, and the jaws are encased in horn, constitut- 
ing the bill. The form of the bill varies enormously in differ- 
ent birds, and it is employed for holding and tearing the prey, 
for prehensile purposes, for climbing, and in some birds as an 
organ of touch. In these last-mentioned cases the bill is 
more or less soft, and is supplied with filaments of the fifth 
nerve. In many birds, too, in which the bill is not soft, the 
base of the upper mandible is surrounded by a circle of naked 
skin, constituting what is called the cere^" and this, no doubt, 
serves also as a tactile organ. 

The tongue of birds can hardly be looked upon as an organ 
of taste, since it is generally cased in horn like the mandibles. 
It is, in fact, principally employed as an organ of prehension ; 
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bot in some cases — as in the Parrots — ^it is soft and fleshy, and 
then, doubtless, is to some extent connected with the sense of 
taste. It is essentially composed of a prolongation of the 
hyoid bone (the glosso hyal), which is sheathed in honi| and is 
variously serrated or fringed 

Salivary glands are invariably present, but they are rarely 
of large size, and they have often a very simple structure. 

In accordance with the structure of the neck, the gullet in 
birds is usually of great length, and it is generally very dilatable. 
In the carnivorous, or Raptorial, and in the granivorous birds^ 
the gullet (fig. 17 1, ^) is dilated into a pouch, which is atuated 




el 



Fig. zjz.— Digestive System of the Common Fowl (after Owen). 0 Gullet : c Crop ; 
/ Pnnrwitnenlua; f Ginud; tm Small iateitim; k loleitiiial eaca; / Latfe m* 
teibne; r/ Cloaca. 

at the lower ipaxt of the neck, just in front of the merry-thought 
This is what is known as the crop " or ingluvies " (r), and 
it may be either a mere dilatation of die tube of the gulle^ or 
' it may be a single or double pouch. The food is detained in 

the crop for a longer or shorter time, according to its nature^ 
before it is subjected to the action of the proper digestive 
oiigans. The oesophagus, after leaving the crop, shortly opens 
into a second cavity, which is known as the " proventriculiis '* 
or "ventriculus succenturiatus" (/). This is the true digestive 
cavi^, and its mucous membrane is richly supplied with gastric 
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foUides which secrete the gastric juice. The pioventriculusy 
however^ corre^nds, not with the whole stomach of the Mam- 
malsy but only with its caxdiac portion ; and it opens into a 

second, muscular cavity, which coiiesponds to the pyloric 
division of the Mammalian stomach. The gizzard {g) is sito-- 
ated below the liver, and forms in all birds an elongated sac, 
having two apertures above, of which one conducts into the 
duodenum or commencement of the small intestine, whilst the 
other communicates with the proventriculus. The two chief 
forms of gizzard are exhibited respectively by the Rajnorial 
birds, which feed on easily - digested animal food, and the 
Rcuores and some of the Naialores, which Iced on hardly- 
digested grains* In the birds of Rapine the gizzard scarcely 
deserves the namci, being nothing more than a wide membian- 
ons cavity with thin walls. In the granivorous birds, whose 
hard food ie<jaires crushing, the gizzard is enormously devel- 
oped ; its linmg coat is formed of a thick, homy epithelium, 
and its walls are extremely thick and muscular. This consti> 
tutes a grinding apparatus, like the stones of a mill ; whilst the 
"crop" or oesophageal dilatation maybe compared to the 
"hopper" of a mill, since it supplies to the gizzard "small 
successive quantities of food as it is wanted " (Owen). Sup- 
plementing the action of the muscular walls of the gizzard, and 
acting in the place of teeth, are the small siones or pebbles, 
which, as is so well known, so many of the granivorous birds 
are in the habit of swallowing with their food, or at other 
times* In &ct there can be no doubt but that the gravel and 
pebbles swallowed b^ these birds is absolutely essential to ex- 
istence, since the gizzard, without this assistance, is unable 
properly to triturate the food. 

The intestinal canal extends firom the gizzard to the cloaca, 
and is comparatively speaking short. The secretions of the 
liver and pancreas are poured into the small intestine, as in 
Mammals. The commencement of the large intestine is almost 
always furnished with two long "caeca" or l-lind tubes, the 
lensrth of which varies a good deal in different birds (fig, 171,^). 
They are sometimes wanting ; and their exact function is un- 
certain ; though they are most probably connected partly with 
digestion and partly with excretion. The large intestine is 
always veiy short-*^eldom more than a tenth part of the length 
of the body — and it terminates in the '^cloaca" (fig. 171, ^'O* 
This is a cavity which in all birds recdves the termination of 
the rectum, the ducts of the generative oigans and the ureters ; 
and serves, therefore, for the expul^on of the Ikces, the gen- 
erative products, and the unnaiy secretion. 
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Res^roHm is effected m Birds more completely and actively 
than in any other dass of the Vertebrata^ and as the result 
this, their average temperature is also higher. This extensive 
development of the respiratory process is conditioned by the 
fact that, in addition to true lungs, air is admitted into a greater 
or less number of the bones, and into a number of cavities — 
the so-called air-receptacles — which are distributed through vari- 
ous parts of the body. By this extensive penetration of air into 
various parts of the body, the aeration of the blood is eflected, 
not only in the lungs, but also over a greater or less extent of 
the systemic circulation as well ; and hence in Birds this pro- 
cess attains its highest perfection. The cavities of the thorax 

and abdomen are not sq>arated 
from one another by a complete 
partition, the diaphragm being 
only present in a rudimentary 
form. The lungs are two in num- 
ber, of a bright-red colour, and 
spongy texture. They are confined 
to the back of the thorax, extend- 
ing along each side of the spine, 
from the second dorsal vertebra 
to the kidney. They differ from 
the lungs criT the Mammals m 
not being freely suspended in 
a pleural membrane. The pleura, 
on the other hand, is reflected 
only over the anterior surface of 
tiie lungs. The bronchi, or 
primary divisions of the wind- 
pipe (fig. 172), diminish in size 
as they pass through the lung, 
by giving off branches, which, in 
^ turn, give off the true air-vesicles 

of the lung. When the bronchial 

^MLrbiTcLlSer^^^^^^^^^^^ tubes reach the surface of the 
dary branches as it enters the lung, lung, thcy Open, by a scries of dis- 

these givine on smaller branches, toe ^ ^ * . • . . - 

openings of which are seen on the tmCt apCrtUreS^ mtO a SCnCS 01 

.kfpi^d^^rSro^r* "aSr-sacs.- Th«e we a eries of 

the apertures on the siirfiicc of the membranous sacs formed by me 

lung by which the bronchi conunum* 4.1,^ ^^m^ 

oite with the MficoeptiMdea. Continuation ol the lining mem- 
brane of the bronchi, and sup- 
ported by reflections of the serous membrane of the thoracico- 

abdominal cavity. In those aquatic birds which, like the 
Penguin, do not enjoy the power of flight, the air-cells are 
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restricted to the abdomen; but in raosi birds they are con- 
tinued along the sides of the neck and limbs. In some 
cases — as the Pelican and Gannet — air-receptacies are situated 
beneath almost the whole of fhe integument The air-cells 
not only greatly reduce the specific gravity of the bird» and 
thus fit them for an aerial life^ but also'assist in the meclumical 
work of respiration, and must also greatly promote the aeration 
of the blood. 

In ronnection with the air-receptacles, and as an extension 
of them, is a series of cavities occupying the interior of a 
greater or less number of the bones, and also containing air. 
In young birds these air-cavities do not exist, and the bones 
are filled with marrow as in the Mammals. The extent also 
to which the bones arc "pneumatic" varies gieatiy in different 
birds. In the Penguin — which does not fly — all the bones 
contain marrow, and there are no air-cavities. In the large 
Running Birds (Cursores)^ such as the Ostrich, the bones of 
the 1^, pelvis, spine, ribs, skull, and sternum are pneumatic; 
but the bones of the wings, with the exception of the scapular 
arch, are without air -cavities, and permanently retain their 
marrow. All birds which fly, with the singular exception of 
the Woodcock, have air admitted to the humerus. In the 
Pelican and Gannet, all the bones of the skeleton, except the 
phalanges of the toes, are penetrated by air; and in the Horn- 
bill even these are pneumatic. The functions discharged by 
the air-cavities of the bones appear to be much the same as 
those uf the air-receptacles — namely, that of diminishing the 
Specific gravity of the body and subserving the aeration of the 
blood 

The heart in all Birds consists of four chambers, two auricles 
and two ventricles. The rig^t auricle and ventricle, constitut- 
ing the right side of the heart, are wholly concerned with the 
pulmonary circulation ; the left auricle and ventricle, forming 

the left side of the heart, are altogether occupied with the 
systemic circulation ; and no communication normally exists 
in adult life between the two sides of the heart. In all essen- 
tial details, botli as regards the stnicture of the heart itself 
and the course taken by the circulating fluid, Birds agree with 
Maminals. Tlie venous blood — namely, that which has circu- 
lated through the body — is returned by the venae cavae to the 
right auricle, whence it is poured into the right ventricle. The 
right ventricle propels it through the pulmonary artery to the 
lungs, where it is aerated, and becomes arterial. It is then 
sent back by the pulmonary veins to the left auricle, whence it 
is driven into the left ventricle. Finally, the left ventricle pro- 
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pels fhe aerated blood to all parts of the body through the 
great S3rstemic aorta. 

The chief difference between Birds and Reptiles as regards 
the course of the circulation is, that in Ihe Hrds the two sides 
of the heart are completely separated from one anotiier, the 
blood sent to the lungs being exclusively venous, whereas that 
which is sent to the body is exclusively arterial. In Reptiles, 
on the other hand, the pulmonary and systemic circulations 
are connected together either in, or in the immediate neigh- 
bourhood of, the heart ; so that mixed venous and arterial 
blood is })ropelled both through the lungs and through every 
part of the body. 

In accordance with their extended respiration and high mus- 
cular activity, the complete separation of the greater and lesser 
circulations, and the perfect structure of the heart, Birds main- 
tain a higher average temperature than is the case with any 
other class of the Vertebrafa. This result is also to a consider- 
able extent conditioned by the non-conducting nature of the 
combined down and feathers which form the integumentary 
covering of Birds. 

The urinary organs of Birds consist of two elongated kid- 
neys and two ureters, but there is no urinary bladder. The • 
ureters open into the cloaca, or into a small urogenital sac 
which communicates with the cloaca. 

As regards the reproductive organs^ the males have two testes 
placed above the upper extremities of the kidneys, and their 
efferent ducts (fmrff defirentia) open into the cloaca alongside 
of the ureters. A male organ {penis) may or may not be pre- 
sent, but there is no perfect urethra. The female bird, as a 
general rule, is provided with only one ovaiy and oviduct — 
that of the left side — the corresponding organs of the right side 
being rudimentary or absent. The oviduct is very long and 
tortuous, and the egg, during its passage through it, receives 
the albuminous covering which senses for the nutrition of the 
embryo, and which is known as the " white " of the egg. The 
lower portion of the oviduct is dilated, and the egg receives 
here the calcareous covering which constitutes the shell." 
Finally, the oviduct debouches into the cloaca, into which the 
egg, when ready, is expelled. The further development of the 
chick is secured by the process of " incubation" or broodmg, 
for which birds are peculiarly adapted, in consequence of the 
high temperature of their bodies. 

The development of the ovum belongs to physiology, and 
does not concern us here. It is sufficient to notice the means 
by which in many cases the chick is ultimately enabled to escape 
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from the egg. "When development has reached a stage at wliidi 
external life is possible, it is of couise necessary fc»r the chide 
to be liberated fixMn the egg, the shell of which is often ex- 
tremely hard and resistant To this end, in very many in^ 
stances, the young bird is provided with a little calcareous 
knob on the point of the upper mandible, and by means of this 
it chips out an aperture through the shell. Having effected its 
purpose, this temporary appendage then disappears, without 
leavmg a trace behind. 

The state of the young upon exclusion from the egg is very 
different in different cases, and in accordance with this, Birds 
have been (ii\n!ed into the two sections cTf the Auiophagi qt 
Aves prmcoccs^ and the Jiekrophagi or Avcs altna's. In the 
Autopha^i the young bird is able to run about and help itself 
from the moment of liberation from the egg. In the Heierth 
phagi the young are bom in a blind and naked state, unable to 
feed themselves, or even to maintain unassisted the necessary 
vital heat In these birds, therefore^ the yoimg require to be 
brooded over and fed by the parents for a longer or shorter 
period after exclusion from the egg. 

As regards their nervous system, the brain of birds is rela- 
tively larger, especially as regards the size of the cerebrum 
proper, than the brain of Reptiles. The cerebellum, though 
always present, consists simply of the central lobe (the *' vermi- 
form process"), and is not provided with the lateral Inljes which 
occur in the Mammals, or they are only present in a rudimen- 
tary fonn. The corpus callosum is absent, and the surface of 
the cerebral hemispheres is devoid of convolutions. 

As regards the attorns of the senses^ the eyes are always well 
developed, and in no bird are they ever rudimentary or absent 
The diief peculiarity of the eye is that the cornea forms a 
segment of a much smaller sphere than does the eyeball pro- 
per, so that the anterior part of the eye is obtusely conical, 
whilst the posterior portion is spheroidal. Another peculiarity 
is that the form of the eye is maintained by a ring of from 
tliirteea to twenty bony plates, which are placed in the anterior 
portion of the sclerotic coat Eyelashes are almost universally 
absent ; but m addition to the ordinary upper and lower eye- 
lids, Birds possess a third membranous eyelid — the " membrana 
nictitans "—wMdi is sometimes pearls-white, sometimes more or 
less transparent This third eyelid is placed on the inner side 
of the eye, and possesses a special muscular apparatus, by 
which it can be drawn over the anterior surface of the eye like 
a curtain, moderating the intensity of the light As to the 
organ of hearing, Birds possess no external ear or concha, by 
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which sounds can be collected and transmitted to the mtemal 
ear. In some biids, however, as m the Ostrich and Bustard, 
the external meatus auditorius is surrounded by a drde of 
feathers, which can be raised and depressed at will. The ex? 
tenial nostrils in Birds are usually placed on the sides of the 
upper mandible, near its base, in the form of simple perfora- 
tions, which sometimes communicate from side to side by the 
deficiency of the septum narium. In the singular Apteryx of 
New Zealand the nostrils are placed at the extreme end or tip 
of the elongated upper mandible. Sometimes the nostrils are 
defended by bristles, and sometimes by a scale {Jiasores), 
Taste must be absent, or almost absent, in the great majority 
of birds, the tongue being nothing more than a homy sheath 
sunounding a process of the hyoid bone, and serving for deglu- 
tition or to seize the prey. In the Parrots, however, the 
tongue is ti^ck and fleshy, and some perception of taste may 
be present Touch or tactile sensibility, too, as already re- 
marked, is very poorly developed in Birds. The body is 
entirely, or almost entirely, covered with feathers ; the anterior 
limbs are converted into wings, and rendered thereby useless 
as organs of toucli ; and the posterior limbs are covered with 
horny scales or feathers. The bill certainly officiates as an 
organ of touch, but it cannot possess any acute sensibility, as 
in most birds it is encased in a rigid homy sheath. In some 
birds, however, sucli as the common Duck, the texture of the 
bill is moderately soft, and it is richly supplied with filaments 
of the fifth nerve ; so that in these cases the bill doubtiess con- 
stitutes a tolerably efficient tactile organ. The ''cere," too, 
or the fleshy scale found at the base of the bill in some birdsy 
is in all probability also used as a tactile organ. 

The last anatomical peculiarity of Biids which requires 
notice is the peculiar apparatus known as the " inferior 
larynx," by which the song of the singing birds is conditioned. 
"The air-passages of birds commence bv a simple superior 
larynx^ from which a long trachea extends to the anterior 
aperture of the thorax, where it divides into the two bronchi^ 
one for each lung. At the place of its division there exists in 
most birds a complicated mechanism of bones and cartilages, 
moved by appropriate muscles, and constituting the true organ 
of voice; this part is termed the inferior larynx" — (Owen.) 
The structure of the vocal apparatus is extremdy complicated, 
and there is no necessity for entering upon it here. It is to be 
remembered, however, that those modifications of the voice 
which constitute the song of birds, are produced in a special 
and complex cavity placed at the point where the trachea 
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divides into the two bronchi, and iMf in a troe larynx situated 
at the summit of the windpipe. Lastly, the trachea of birds 
is always of considerable proportionate length, and it is often 
twisted or dilated at intervals, this structure, doubtless, having 
something to do with the production of vocal sounds.* 

Before passing on to the consideration of the divisions of 
Birds, a few words may be said as to the migration of birds. 
In temperate and cold climates comparatively few birds remain 
constantly in the same region in which they were hatched. 
Those which do so remain, are called "permanent birds " {aves 
manentes). Other birds, such as the Woodpeckers, wander 
about from place to place, without having any fixed direction. 
These are called " wandering birds " {aves erraiica), and their 
irregular movements axe chiefly conditioned by the scarcity or 
abundance of food in any particular locality. Other birds, 
however, at certain seasons of the year, undertake long 
journeys, usually uniting for this purpose into large flocks. 
These birds — such as the swallows, for instance — are properly 
called '* migratory birds " (aves nugratoriai). The movements 
of these birds are conditioned by the necessity of having a 
certam mean temperature, and consequently they leave the 
cold regions at the approach of winter, and return again for the 
warmer season. 



CHAPTER LXVIL 

DIVISIONS OF BIRDS. 

X. General Divisions of Ave& a. Natatobss. 

3. Grallatores. 

Owing to the extreme compactness and homogeneity of the 
entire class Aves, conditioned mainly by their adaptation to an 
aerial mode of hie, the subject of their classification has been 
one of the greatest difficulties of the systematic Zoologist 

By Professor Huxley die Hids are divided into the following 
three orders : — 

I. Saururs. — In this order the caudal vertebrae are 
numerous, and there is no ploughshare -bone. The tail is 

* The student desirous of fuller infofmadoii as to the anatomy of Bkds 

should consult the masterly article by Owen on "Aves" in tlie ' Cyrlo- 
psedia of Anatomy and Physiology,' or the second volume of the 
* Vertebrata ' of the same author, from whiuli the precedmg summary has 
been diiefly derived. 
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longer than the bo^» and the metacarpal bones are not anchy* 
losed together. This order includes only the single extinct 
bird the Archesofieryx macrura^ in which the long lizard-like 
tail is only the most striking of several abnormalities. 

2. "Rattt^. — This order comprises the RuTining birds, which 
cannot fly, such as the Ostriches, Emeus, and Cassowaries. 
It is characterised by the fact that the sternum has no median 
ridge or keel for the attachment of the great pectoral muscles. 
The sternum is therefore raft-like (from the Lat rates^ a raft)| 
hence the name of the order. 

3. Carinat/E. — This comprises all the living Flying birds, 
and is characterised by the foot that the sternum is iiirnished 
with a prominent median ridge or keel (carind^\ hence the 
name of the order. 

Tl is is probably the nearest approach to a strictly natural 
classification of Birds which has yet been proposed \ but the 
order Carinata is so disproportionately large as compared with 
the other two, that it would lead to considerable inconvenience 
if it were to be adopted here. 

For the purjxjses of the present work it will be better to 
adhere, with some modifications, to the classification of the 
Birds originally proposed by Kirl y, and since sanctioned by 
the adoption of other distinguished naturaliiU. in this more 
generally current^ but certainly artificial, arrangement, the 
Birds are divided into the following seven orders, founded 
chiefly on the habits and mode of life^ and on the resulting 
anatomical or structural peculiarities. To these an eighth 
order must be added for the reception of the Mesozoic bird, 
the Archmpteryx, the discoveiy of which dates from a recent 
period. Before entering upon a consideration of the individual 
orders, it will be as well to present to the student, synoptically 
and in an easily-remembered fonn, the leading differences 
between these eight orders : — 

1. Natatores or Swimmers. — These are characterised by the 
fact that the toes are united by a membrane or web ; the legs 
are short and are placed behind the point of equilibrium of Liie 
body. The body is dosely covered wilh feathers, and with a 
thick coating of down next the skin. (Ex. Ducks, Geese, 
Pelicans, GuUs.) 

2. GraUatores or Waders, — ^The Wading birds are charac- 
terised by the possession of long legs, which are naked or are 
not covered with feathers from the distal end of the tibia 
do^Miwards. The toes are long, straight, and not united to 
one another by a membrane or web. {Ex, Curlews, Herons, 
Storks.) 
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3. Cursores or Runners. — The Cursorial birds have very 
short wings which are not used in flight, and the sternum is 
without a ridge or keeL The 1^ axe exceedingly robust^ and 
there are only two or at most duree developed toes, the hind- 
toe or hallux being always absent or quite rudhnentaiy. The 
order agrees with the RoUUb of Huxley. (Ex, Ostrich, Emeu, 
Apteryx.) 

4. Rasores or Scratchers. — ^The Rasorial birds have usually 
strong feet with powerful blunt claws adapted for scratching, 
but sometimes for perching. All the four toes are present. 
The upper mandible is vaulted, and the nostrils are pierced 
in a membranous space at its base, and are covered by a 
cartilaginous scale. (Ex. Fowls, Gaiue-birds, Pigeons.) 

5. Scansorcs or Climbers. — The Climbing birds are charac- 
terised by the structure of the foot, in which two toes are 
turned backwards and two forwards, so as to give the bird 
unusual facilities in dimbing trees. {Ex. Parrots, Toucans, 
Woodpeckers.) 

6. Insessores or Perchers. — The Insessorial or Passerine birds 
are characterised by having slender and short legs, with three 
toes before and one behind, the two external toes generally 
united by a very short membrane, and the whole foot being 
adapted for perching. This is by far the largest order of birds, 
and includes all our ordinary songsters, such as the Thrushes, 
Linnets, I arks, &€., together with the Swallows, Humming- 
birds, and niany others. 

7. Raptorcs or Birds oj Prey. — The Uirds of Rapine are 
characterised by their strong, curved, sharp-edged and sharp- 
pointed beak, adapted for tearing animal food ; and by their 
robust legs armed with four toes, three in front and one 
behind, all furnished with long, strong, crooked daws or talons. 
(Ex. Eagles, Hawks, Owls.) 

8. Saururce. — The metacarpal bones are not anchylosed 
together, and the tail is longer than the body, and consists of 
numerous free vertebrae, -vsnthout a terminal ploughshare-bone. 
The only member of this order is the extinct Archcsopteryx, 

Order T. Natatores. — The order of the iVt/Z^Awi- or Swim- 
mers comprises a number of birds which are as much or even 
more at home in the water than upon the land. In accordance 
with their aquatic habit of life, the Nataiora have a boat- 
shaped body, usually witii a long neck. The legs are short, 
and placed behind the centre of ^vity of the body, this 
position enabling them to act adinirably as paddles, at the 
same time that it renders the gait upon dry land more or less 
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awkward and shuffling. In all cases the toes are " webbed " 
or united by membrane to a greater or less extent (fig. 173, A). 
In many instances the membrane or web is stretched com- 
pletely from toe to toe^ but in others the web is divided or 
split up between the toes, so that the toes are fringed with 
membranous borders, but the feet are only imperfectly webbed. 
As their aquatic mode of life exposes them to great reductions 
of temperature, the body of the Natatorial birds is closely 
covered with feathers and with a thick coating of down next 
the skin. They are, further, prevented from becoming wet in 
the water by the great development of the coccygeal oil-gland, 
by means of which the plumage is kept constantly lubricated 
and waterproo£ They are usually polygamous, each male 
consorting with several females ; and the young are hatched 
in a condition not requiring any special assistance from the 
parents, being able to swim and procure food for themselves 
from the moment they are liberated from the egg> 




The Natatares are divided by Owen into the following four 

families : — 

Fam. I. BreiipetinatcR. — In this family of the swimming 
birds the wings are always short, and are sometimes useless as 
organs of flight, the tail is very short, and the legs are placed 
very far back, so as to render terrestrial progression very diffi- 
cult or awkward. The family includes the Penguins, Auks, 
Guillemots, Divers, and Grebes. In the Penguins {^SphaUsddei) 
the wings are completely rudimentary, without quUls, and cov* 
ered wiUi a scaly skin. They are useless, as far as flight is con- 
cerned, but they are employed by the bird as fins, enabling it to 
swim under water with great facility. The feet are webbed, 
and the hinder toe is rudimentary or wanting. The Pen- 
guins live in the seas of the southern hemisphere, on the coasts 
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of South Afnca and South America, especially at Tena del 

Fuego, and m the solitaiy islands of the South Pacifia When 
on land the Penguins stand bolt upright, and as they usually 
stand on the shore in long lines, they are said to present a most 

singular appearance. In the Auks {Alddce) the wings are better 
developed than in the Penguins, and they contain true quill- 
feathers; but they are still short as compared with the size of 
the body, and are of more use as fins than for flight. The great 
Auk or Ciare-fowl {A/ca impennis) is remarkable for being one 
of the buds which appear to have become entirely extinct 
within the human period, having been, in fact, destroyed by 
man himself. It used to abound in tiie arctic regions, and 
occasionally visited our own shores in the winter. The little 
Auk (Mergulus alha) occurs still in abundance in the seas of 
the arctic regions. Other well-known members of this group 
are the Razor-bill, the Puffins {FraUrcula arOua)^ and the Guil- 
lemots ( Uria), 

In the Divers (Colymbid^F), comprising the true Divers and 
the (rrebes, the power of flight is pretty well developed, but 
the bird still is much more active in the water, swimming or 
diving, than on land. The Grebes are not uncommon m our 
own country, and are largely killed for making mufifs, collars, 
and other articles of winter dress. They have the membrane 
between the toes deeply incised. In the Divers proper the 
front toes are completely united by a membrane. The Nor- 
thern Diver or Loon {Coiymbus ffaiialis) is a familiar example, 
and is found on the coasts of high northern latitudes. 

Fam. 2. LongipennatcB. — This family of Natatores is charac- 
terised by the well-developed wings, the pointed, sometimes 
knife-Hke, sometimes hooked bill, and by never having the 
hallux united with the anterior toes by a membrane. The fol- 
lowing are the more important groups coming under this 
head : — 

a, LaridcB, or Gulls and Temf?, having powerful wings, a free 
hinder toe, and the three anterior toes united by a membrane. 
The Gulls form an exceedingly large and widely distributed 
group of birds J and the Terns or Sea-«wallows are equally 
beautiful, if not quite so common. 

b, JProceOarida^ or Petrels, closely resembling the true Gulls, 
but having no hinder toe, and having the upper mandible 
strongly hooked. The smaller species of Petrel are well known 
to all sailors under the name of Storm-birds and Mother 
Carey's Chickens. The largest member of the group is the 
gigantic Albatross {Diomedea exulans), not uncommonly found 
far from land in both the northern and southern oceans. The 
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Albatross sometimes measures as much as fifteen feet from 
the tip of one wing to that of the other, and their flight is 

powerful in proportion. 

Fam. 3. TofipalmafiEy characterised by "having the hinder 
toe or hallux more or less directed inwards, and united to the 
innermost of the anterior toes by a membrane (fig. 173, A). In • 
this family are the Pelicans, Cormorants, Gannets, Frigate- 
birds, Darters, and others. 

The Pelicans {PdkanidcR) are large birds, which subsist on 
fish, and are found in Europe, A^ Africa, and the New 
World They sometimes measure as much as fix^m ten to fif- 
teen feet between the tips of the wings, and most of the bones 
are pneumatic, so that the skeleton is extremely light The 
lower mandible is composed of two flexible branches which 
serve for the support of a large " gular " pouch, formed by the 
loose unfeathered skin of the neck. The fish cnptiired by the 
bird are temporarily deposited in this pouch, and the parent 
birds feed their young out of it. 

In the Cormorants {Phalacrocorax) there is no jjuuch be- 
neath the lower mandible, but the skin of the throat is very 
lax and distensible. They are widely distributed over the 
world, one species being very abundant in many parts of 
Europe. The Gannets (Sula) have a compr^ed bill, the mar- 
gins of which are finely crenate or toothed They occur 
abundantly on many parts of the coasts of northern Europe, 
one of the most noted of their stations being the Bass Rock at 
the mouth of the Firth of Forth. Another species {Sula vari§- 
gaia) is of greater importance toman, as being one of the birds 
from the accumulated droppings of which guano is derived. 
The Frigate-birds {Tachypetes) are chieil)- remarkablo {or their 
extraordinary powers of flight, conditioned by their enormously 
long and powerful wings and long forked tail. They occur on 
the coasts of tropical America, and are often found at im- 
mense distances from any land. 

■ The Darters (Plotus) are somewhat aberrant members of 
this group, characterised by their elongated necks and long 
pointed bills. They occur in America, Afirica, and Australia, 
and catch fish by suddenly darting upon them from above. 

Fam. 4. Lamdlirostres, — ^The last family of the Natat&rts 
is that of the LamdHr<fstres, including the Ducks, Geese, 
Swans, and Flamingos ; and characterised by the form of the 
beak (figs. 167, 173), which is flattened in form and covered 
with a soft skin. The edges of the bill are further ftimished 
with a series of transverse plates or lamellae, which form a kind 
of frmge or " strainer," by means of which these birds sift the 
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mud in which they habitoally seek their food. The bill is 
richly supplied with filaments of the fifth neivey and doubtless 
serves as an efficient cogan of touch. The feet are fumished 

with four toes, of which three are turned forwards, and are 
webbed, whilst the fourth is turned backwards, and is free. 
The trachea in the males is generally enlarged or twisted in 

its lower part, and co-operates in the production of the peculiar 
cl inging note of most of these birds. The body is heavy, and 
the wings only moderately developed. 

The groups of the Ducks {Anaiida), Geese {Anscrino'), 
and Swans {Cygnida), are too familiar to require any special 
notice. 

The Flamingos, however, fomiing the group of the Phcsnia^ 
tmd<B^ require some notice ; if only for the foct that the legs are 
so long and slender that they have often been placed in the 
order GraUaiores on this account The three anterior toes, 

how c V er, are webbed or completely united by membrane, and 
the bill is lamellate, so that there can be little hesitation in 
leaving the Flamingo in its present position amongst the Nata- 
tores. The common Flamingo (^Ph<rvjc>^pfrrns ruber) occurs 
abundantly in vanous parts of southern I\urope. It stands 
between three and four feet in height, the general plumage being 
rose-coloured, the wing-coverts red, and the quill-feathers of 
the wings black. The tongue is fleshy, and one of the extrava- 
gances of the Romans during the later period of the Empire 
was to have dishes composed solely of Flamingos' tongues. 
Other species occur in South America and Afirica. 

Ordbr IL Grallatorss. — The burds comprising the order 
of the GrattatoreSj or Waders, for the most part fi^uent the 
banks of rivers and lakes, the shores of estuaries, marshes, la- 
goons, and shallow pools, though some of them keep almost ex- 
clusively to dry land, preferring, however, moist and damp situa- 
tions. In accordance with their semi-aquatic amphibious hribits, 
the Waders are distinguished by the great lenLUh of their legs ; 
the increase in length being mainly due to the great elongation 
of the tarso-metatarsus. The legs are also unfeathered from 
the lower end of the tibia downwards. The toes are elongated 
and straight (fig. 174, A), and are never completely palmate, 
though sometimes semi-palmate. There are three anterior toes, 
and usually a short hallux, but the latter may be wanting. The 
wings are long, and die power of flight usually considerable ; 
but the tail is short, and the long legs are stretched out behmd 
in flight to compensate for the brevity of the tail. The body 
is generally slender, and the neck and beak usually of consid- 
erable length (fig. X74, B). They are sometimes polygamous, 
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sometimes monogamoiiSy and the young of the former are able 
to run about as soon as fhe7 are hatched 




Fiff. X74.— GnllatoKS. A, Lee and foot of the Guriev; B,H€ad of Sn^; 

Q Beakof the Avocet 

The most typical Waders — those, namely, whicli are semi- 
aqiiatic in their habits — spend most of their time wading about 
in shallow waters or marshes, feeding upon small fishes, worms, 
shell-fish, or insects. Others, such as the Storks, live mostly 
Upon the land, and are more or less exclusively vegetable- 
feeders. 

The Grailatares are divided by Owen into the four families 
of the Macrodadi^y the QdHrosires^ the I/n^uroOres^ and the 

Pressirostres. 

Fam, I. Macrodactyli, — In this family the feet are furnished 

with four elongated, sometimes lobate. toes, and the wings are 
of moderate or less than average size. In many of their char- 
acters a considerable number of the birds of this family ap- 
proach the Rasorial birds, and differ from the true ^Vaders. 
The beak is mostly short, rarely longer than the head, and is 
compressed from side to side, or wedge-shaped. The legs are 
strong and not particularly lengthy ; but the toes are often of 
great length, and are furnished with long claws. The neck is 
not very long, and the tail is Very short Some of them are 
strictly aquatic in their habits, and, like the Coots, approach 
in many respects to the Natatora; odiers, again, are exclusively 
terrestrial. The most familiar members of this family are the 
Rails {Railida), Water-hens {Galiinulce), the Coots (Fulica), 
and the Jacana {Parra jacana). The Water-hens and Coots 
are aquatic or semi-aquatic, swimming and diving with great 
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ease. In the Coots the toes are semi-palmate, being bordered 
by membranous lobes, like the toes of the Grebes. Amongst 
the Coots should probably be placed the Aotomts (Owen), 
long supposed to be extinct, but recently proved to be still 
living in the Middle Island of New Zealand. The Notomis is 
much larger than the ordinary Coots, and is remarkable in the 
fact that, like many exiinct and some living New Zealand 
birds, the wings are so rudimentary as to be useless for flight 
The true Rails, compnsing the common Land-iafl (JlMts 
aquatUus)y and the Coro-oake {Crex fratensis) of our own 
country, Uve almost exclusively on land, though t|^e fonner 
usually frequents damp or marshy places. In the Jacanas, 
lastly, the feet are furnished with excessively long and slender 
toes, which enable the bird to run about upon the Iciaves of 
aquatic plants. 

FanL 2, Cultirostres. — In this family of the Grallatores are 
some of the most typical and familiar forms contained in the 
entire order. The bill in this family is long — usually longer 
than the head — and is compressed from side to side ; the legs 
are long and slender, having a considerable portion of the 
tibiae unfeathered; and the feet have four toes, which are 
usually connected to a greater or less extent at their bases by 
membrane. In this laimlyare ihe Cranes, Herons^ Stork, Ibis, 
Spoonbill, and otheis of less importance. 

The Cranes (Gruidce) are large and elegant birds, and are 
chiefly remarkable for their long migrations, which were noticed 
by many classical authors. In these journeys the Cranes 
usually fly in large flocks, led by a single leader, so that the 
whole assemblage assumes a wedge-like form; or they tiy in 
long lines. The common Crane {Grus cinered) breeds in the 
north of Europe and Siberia, and migrates southwards at the 
approach of winter. The Herons {Ardeidm) are familiarly 
known to every one in tiie person of the common Gray or 
Crested Heron (Ardw dnerea). It was one of the birds most 
generally pursu^ in the now almost extinct sport of falconry. 
Various species of Heron are found over the whole woild, both 
in temperate and hot dunates. 

The Ibises (Tantalina) form a group of beautiful birds, 
species of which occur in all the warm coimtries of the world. 
One, the Ibis religiosa^ was regarded by the ancient Egyptians 
as a deity, and was treated with divine honours, being often 
embalmed along with their mummies, or figured on their 
monuments. 

The Storks (Ciconinm) are large birds, of which one, the 
common Stork {Ciconia aiba), is rarely found in Britain, but 
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occurs commonly on the Contineiity where it is often semi- 
domesticated. 

The Spoonbills {PlataJeadcE) are also large birds, very like 
the Storks, but the bill is flattened out so as to form a broad 
spoon-like plate. Tiie common White Spoonbill {Platalea 
Uucorodia) is found commonly on the Continent, but is of very 
tare occurrence in firitain. 

Fam, 3. Longjurostns, — ^The diitd fiunily of Waders is that 
of tiie Ztmgh^asires, characterised by the possession of loDg^ 
lender, soft bills, grooved for the perforations of the nostrils 
(fig. 174, B). The legs are sometimes rather short, sometimes 
of great length ; the toes are of moderate length, and the 
hallux is usually short, and is sometimes absent. The bill in 
these birds serves as an organ of touch, being used as a kind 
of probe to feel for food in mud or marshy soil. To fulfil this 
purpose, the tip of the bill is furnished with numerous filaments 
of the fifth nerve. They feed mostly upon insects and worms, 
and are nut strictly aquatic in their habits, mostly frequenting 
marshy districts, moors, fens, the banks of rivers or lakes, or 
the shores of the sea. 

In this family of the Long4)iIled Waders are the Snipes 
{Scolopacida)y the Sandpipers (Dingida)^ the Curlews {Nu- 
menitis), the Ruffs, Godwits, Turnstones, Avocet^ and many 
others which need no particular notice. 

Fam. 4. Pressirosires. — ^The members of this family are 
characterised by the moderate length of the bill, which is 
seldom longer than the head, and has a compressed tip. The 
legs are long, but the toes are short, and are almost always 
partially connected together at their bases by membrane. The 
hallux is short, and is often wanting. In this section are two 
very distinct sub-families, the Charadriida or Plovers and the 
OHdm or Bustards. In the former of these the legs are long 
and slender, the toes are united at their bases by a small 
membrane, and the hind-toe is very small and raised above 
the ground, or is entirely wantmg. In this group axe the true 
Plovers and Lapwings, the Oyster catcher {Hamatopus)^ and 
the Thick-knee {CEdicnemus)^ In the Otida^ox Bustards, the 
legs are long and the toes are short and furnished with stout 
claws. The hinder toe or hallux is entirely wanting; and these 
birds are chiefly interesting from the affinities which they 
exhibit to the Rasoris on the one hand, and to the Cursores 
(Ostrich, &c.) on the other. The wings, however, are of 
ample size, and the tail is long, the reverse being the case in 
the Cursores. The Bustards are entirely confined to the Old 
World, and two species were formerly not uncommon in Britain. 
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CHAPTER LXVIII, 

CURSORES AND RASORES. 

Order III. Cursores. — The third order of Birds is that ot 
the CursortSy or Runners, comprising the Ostriches, Rheas, 
Cassowaries, Emeiu^ and singular Apteryx of New Zealand. 
In many respects the Cursores are to be looked upon as an 
aitifidai assemblage ; but in the meanwhile it wUl be most 
convenient to consider them as forming a distinct division. 
The Cursores are characterised by the rudimentary condition 
of the wings, which are so short as to be useless for flight, and 
by the compensating length and strength of the legs. In 
accordance with this condition of the limbs, many of the bones 
retain their marrow, and the sternum (fig. 175, B) is destitute 
of the prominent ridge or keel, to which the great pectoral 
muscles are attached (hence the name of RatitcR^ applied by 
Huxley to the order). In the Ostrich the pubic bones of the 
pelvis unite to form a s^physis pubis, as they do in no other 
bud, and in all the pelvic ardi possesses unususd strength and 
statnltty. The legs are extremely robust and powerful, and the 
hmd-toe is entnely wanting, except in the Apteryx^ in which it 
is rudimentary. The anterior toes are two or three in number, 
and are provided with strong blunt claws or nails. The plumage 
presents the remarkable peculiarity that the barbs of the 
feathers, instead of being connected to one another by hooked 
barbules, as is usually the case, are remote and disconnected 
from one another, presenting some resemblance to hairs. 




Flf. Z75. — Cursores. A, Foot of the Ostrich iJSiruthio eamtliu) ; B, Sternum of 
the EoMtt iPrtmrnut Nmm-HMtmdim^ 

The order Cursores may be divided into the tvvo families of 
the Struthionidiz and the Apterygidce — the former characterised 
by the absence of the hallux, and comprising the Ostrich, 
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Rhea, Emeu, and Cassowary, vAth. several extinct forms ; the 
latter comprising only the Apieryx of New Zealand, and char- 
acterised by the possession of a rudimentary hallux. 

The African Ostrich {Struihio camelus) occurs in the desert 
plains of Africa and Arabia, and is the largest of all living 
birds, attaining a height of from six to eight feet. The head 
and neck are nearly naked, and the quill-feathers of the wings 
and tail have their barbs vdioUy disconnectedi constitatiDg the 
ostrich-plumes of commerce. The legs are extremely strong, 
and are terminated by two toes only (fig. 175, A), these con- 
sisting respectively of four and five phalanges, showing that it 
is the hallux and the innermost toe which are wanting. The 
Ostriches run with extraordinary speed, and can outstrip the 
fastest horse. They are polygamous, each mnle ronsorting 
with several females, and they ircnerally keep together m larger 
or smaller flocks. The eggs are of great size, averaging three 
pounds each in weight, and the hens lay their eggs in the same 
nest, this being nothing more than a hole scratched in the 
sand. The eggs appear to be hatched mainly by the exertions 
of both parents, relieving each other in the task of incubation, 
but also partly by the heat of the sun. 

The American Ostriches or Rheas are much smaller than 
the African Ostrich, and have the head feathered, whilst the 
feet are furnished with three toes each. Th^ inhabit the 
great plains of South America, and are polygamous. 

The Emeu {Dromaitis Nova-HoUandia) is exclusively found 
in the Australian continent, and nearly equals the Afncan 
Ostrich in size, attaining a height of from five to seven feet. 
The feet are furnished with three toes each, and the head is 
feathered. The throat, however, is naked, and the general 
plumage resembles long hairs, the feathers hanging down on 
both sides of the body from a central line or parting which 
runs down tiie middle of the back. The Emeus are mono- 
gamous, and the eggs are dark green in colour. 

The last of the Struthiomda is the Cassowary (Casuarius 
pxleahts)f which inhabits the Moluccan Islands and New 
Guinea, and was first brought alive to Europe by the Dutch. 
It stands about five feet in height, and possesses a ;singular 
homy crest upon its head. The head and neck are naked, 
and the feet have three toes each. The general plumage is 
black, and the feathers more or less closely resemble hairs. 

The second family of the Cursorial birds is that of the 
Aptcr\f:id<z^ comprising only the singular Aptcryx of New 
Zealancl. The beak in the Apkryx is long, slender, and 
slightly curved, the tip being obtuse, and the nostrils placed 



Digitized by Google 



RASOR£S. 



453 



at the extremity of the upper mandible. The legs are com- 
jjaratively short, and tliere is a rudimentary hind-toe or halhix, 
forming a kind oi spur, furnished with a claw. The wings are 
entizely nidunentaiy, and are quite concealed by the feathers, 
each teraunating in a sharp claw. The feathers are long and 
naizow; and the tail is short and inconspicuous. The Apteryx 
is wholly confined to New Zealand, and is noctunial in its 
habits, hving upon insects and wonns. 

Besides tliEe above-mentioned living fonns, the order Cursores 
comprises several gigantic extinct forms, which be treated 

of when describing the geological distribution of Birds as a 

class. 

Order IV. Rasores. — The fourth order of Birds is that of 
the Rasores^ or Scratchers, often spoken of collectively as the 

Gallinaceous " birds, from the old name of " Gallinse," given 
to the order by Linnaeus. The Rasores are characterised by 
the convex, vaulted upper mandible^ having the nostrils pierced 
in a membranous space at its base. The nostrils are covered 
by a cartilaginous scale. The legs are strong and robust, 
mostly covered with feathers as far as the joint between the 
tibia and tarso-metatarsus. There are four toes, three in front 
and one behind, the latter being short, and placed at a higher 
level than the other toes. All the toes terminate in strong 
blunt claws suitable for scratching (fig. 176, A). I hc food of 
the Scratchers or Gallinaceous birds consists chiefly of hard 
grains and seeds, and in accordance with this they have a ca- 
pacious crop and an extremely strong and muscular gizzard. 
They mostly nidificate, or build their nests, upon the ground, 
and the more typical members of the order axe polygamous. 
The males take no part in ather nidification or incubation, 
and the young are generally " preoodous," being able to run 
about and provide themselves with food from the moment they 
quit the egg. The young of the Pigeons and Doves, however, 
are brought forth in a comparatively helpless condition. The 
wings in the majority of the Rasores are more or less wenk, 
and the flight is feeble and accompanied with a whirring souud. 
Many of the Pigeons, however^ are capable of very powerful 
and sustained flight. 

The order Rasores is divided into two sub-orders, called re- 
spectively the Galluiaai and the Coiumbacci, or sometimes, 
from the characters of the sounds which they utter, the Clama' 
Ures and the GemUartt, 

Sttb'Order x. GaiUnaed or CSeunafons. — This sub •order 
comprises the typical members of the order MasareSy such as 
the common Fowls, Tuikcyi^ Partridge, Grouse, Pea-fowl, and 
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a number of allied forms. Its characters are therefore those 
of the order itself, but it is especially distinguished from the 
Columbacei by being less fully adapted for flight. The body is 




1%. X76b— Raioret. K, Foot of Fowl (GWftit AmMm); B, Head of GuuimpIovL 

much heavier comparatively speaking, the legs and feet are 
stronger, and the wings shorter and less powerful. On the 
whole, therefore, these birds are worse fliers than the Columbacei^ 
and are better adapted for living u^n the ground. The back 
of the tarsusy too, is usually furnished in the males with a 
spur {(okar), whidi is used as an offensive weapon, and has 
sometimes been looked upon as a rudimentary toe. Lastly, 
the CroUinacei are all polygamous, and the males are usually 
much more brilliantly coloured than the females, this being an 
adaptive modification of the plumage to meet this peculiarity 
in their mode of life. 

The two most important families of the GaUituud are 
the Tetraonidce and the Phasianida. 

The Tetraonidce, or Grouse family, comprises the Capercailzie 
(Tetrao urogallm), the Blackcock {Tctrao teirix), the common 
or Red Grouse (Lagopus Scoticus)^ the Ptarmigan (Lagopus 
vulgaris), the Partridges {Perdix)y the Quails (Coiumio^y and 
many other allied foims. 

The Phasianida or Pheasant family, comprises the Turkeys 
and Guinea-fowl (Meleagrind), the common Pheasant {Phasic 
anus Colchicus), the Golden and Silver Pheasants, the common 
Fowl {GaNus domesticus), and the Pea-fowl (Pavoninci), None 
of these birds — all of which can be domesticated, and most of 
which are of great value to man — are natives of this country, 
though they will all breed readily, and thrive even in confine- 
ment. The domestic Turkey (Me/eagris gallopavo) is originally 
a native of North America, where it still occurs in a wild con- 
dition, having been brought to Europe about the beginning of 
the sixteenth centniy. The Gtunea-fowl {Nwmda Mdeagris) is 
originally an African bird. The common Pheasant (jPAasianus 
Qikkicus), thou^ now regarded as an indigenous bird, truly 
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belongs to Asia, and it is asserted that it was really brought to 
Europe from Colchis by the Greeks; hence its specific name. 
The common Fowl is certainly not a native of Europe, and it is 
almost as certainly a native of Asia or of some of the Asiatic 
islands ; but its exact original habitat is uncertain, as is the 
species from which the domestic bieeds a^e descended (com^ 
monly said to be the Galhs Bankiva of Java). The introduc- 
tion of the Fowl into Europe is lost in the mists of antiquity, 
and it is wholly unknown whence the original stock may have 
been brought The Pea -fowl (Pofvo) are really natives of 
Thibet and Hindostan, and were originally brought to Greece 
by Alexander the (rreaL They were formerly much esteemed 
as food, but are now regarded merely from an ornamental 
point of view. There are many other forms belonging to tlie 
Gallinaceous section of the Rasores^ but these are in every way 
the most important. 

The second sub-order of the Rasores is that of the Cdumbacn 
or Gmi^tm^ comprising the Doves and Pigeons, and often 
raised to the rank of a distinct order under the name of Oh 
bmba. The Cohmbatd are separated frm Uie mc»e typical 
members of the Rasores by being furnished with strong wings, 
so as to endow them with considerable powers of flight In 
place, therefore, of being chiefly ground-birds, they are to a 
great extent arboreal in their habits, and in accordance with 
thi^ the feet are slender, and are well adopted for perching. 
There are four toes, three in front and one Ijehind, and the 
former are never united towards their bases by a membrane, 
though the base of the outer toe is sometimes united to that of 
the iiiiddle toe. Lastly, they are all monogamous, and pair 
for life, in consequence of which fact, and of their being readily 
susceptible of domestication, they present an enormous number 
of varieties, often so different from one another that they 
wodld certainly be described as distinct species if found in a 
wild state. It seems certain, however, that all the common 
domestic breeds of Pigeons, however unlike one another, nre 
really descended from the Rock-pigeon (Coiumba livia), which 
occurs wild in many parts of Europe, and has retained its dis- 
tinguishing peculiarities unaltered for many centuries up to the 
present day. Finally, the young of the Columbacei are born in 
a naked and helpless state, whilst those of the GaJlinacei are 
** precocious," and can take care of themselves from the mo- 
ment of their liberation from the egg. 

Of the various living birds included in this section, the true 
Pigeons (CoiumHiiii are too well known to require any de- 
scription; but the 6round pigeons {Gouridei) depart to some 
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extent from this type, being ground-loving birds, more closely 
allied lo the ordinary Galiinacd. The only other member of 
the sub-order idikh requires special notice, is tlie remarkable 
extinct bird, the Dodo {Didus ineptus)^ which seems certainly 
to belong here, though its size was gigantic, and some of its 
characters very anomalous. The Dodo majr, properly speak- 
ing, be said to be extinct, since it no longer occurs in a living 
state, but it is not extmct in the sense that geologists speak of 
** fossils " as extinct ; since it has been extirpated by man him- 
self within quite a recent period — in fact not more than three 
centuries ago. The Dodo was an inhabitant of the Island of 
the Mauritius up to the commencement of the seventeenth cen- 
tury, and was a large bird, considerably over the size of a swan. 
All that remains nowadays to prove the existence of the Dodo 
are two or three old, but apparently faithful, oil-paintings, two 
heads, a foot, and some feathers, to which a few bones have 
recendybeen added* The Dodo owed its extennination to 
the fact that it was unable to fly. The body must have been 
extremely weighty, and the wings were rudimentary and com- 
pletely useless as organs of flight The legs wm. short and 
stout, the feet had four toes each, and the tail was extremely 
short, carn'ing, as well as the wings, a tuft of soft plumes. The 
beak (unlike that of any of the Columbacei except the little 
Didunculus strigirostris) was strongly arched towards the end, 
and the upper mandible had a strongly hooked apex, not at all 
unlike that of a bird of prey. The nearest living ally of the 
Dodo appears to be the little JJidu/uulus ]\x'si alluded to, which 
inhabits the Navigator Islands, and is little bigger than a par- 
tridge. 

It is wcnrthy of notice that in the little island of Rodnguez, 
lying to the east of Mauritius, there existed one large wingless 
bird, the Solitaire or Pesophaps^ which has likewise become ex- 
tinct during the human period. Other cases in which wingless 

birds have been, or are being, exterminated by man, lead us 
to the belief that the absence of wings is not compatible with 
the coexistence of birds and human beings. In other words, 
the sole protection possessed by birds against the destructive 
propensities of man is to be found in their power of flight. 
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CHAPTER LXIX 

SCANSORES AND JNSESSORES, 

Order V. Scansores. — ^The order of the Scansoiial or Climb- 
ing birds is easily and veiy shortly defined, having no other 
distinctive and exclusive peculiarity except the fact that the 
feet are provided with four toes, of which two are turned back- 
wards and two forwards. Of the two toes which are directed 
backwards, one, of course, is the hallux or proper hind-toe, 
and the other is the outermost of the normal three anterior 
toes. This arrangement of the toes (fig. 177, A) enables the 
Scansores to climb with unusual facility. Their powers of 
flight, on the other hand, are generally only moderate and 
below the average. Their food consists of insects or fruit. 
Their nests are usually made in the hollows of old trees, but 
s(»ne of tliem have the remarkable peculiarity that they build 
no nests of their own, but deposit their ^gs in the nests of 
other birds. They are all monogamous. 

The most important families of the Scansores are the Cuckoos 
{CucuUda), the Woodpeckers and Wry-necks (Picida\ the Par- 
rots {Psiit(uidcE\ and the Toucans (RhamphastidcR). 

The CuculidoRy or Cuckoos, are chiefly remarkable for the ex- 
traordinary fact that many of them, instead of nidificating and 
incubating for themselves, lay their eggs in the nests of other 
birds. As a nile, only one egg is deposited m each nest, and 
the young Cuckoo which is hatched from it, is brought up by 
the fuster-parent, generally at the expense of the legitimate off- 
spring. The large Channel-bill {Scythrops Nova-Hollandia) is 
said to possess tibie same curious habit, but many species of 
this group build nests for themselves in die ordinary manner. 

The second family of the Scansores is that of the Piade^ and 
comprises the Woodpeckers and Wry-necks. These birds feed 
chiefly upon insects, and the tongue is extensible and covered 
with a viscid secretion, so as to enable them to catch their prey 
by suddenly darting it out. 

The next family is that of the Parrots {Fsitt(ui(f(p), the 
largest group of the Scansores, comprising over three hundred 
species. The bill in the Parrots is large and strong, and the 
upper mandible is considerably longer than the lower and is 
hooked at its extremity (fig. 177, B). The bill is used as a 
kind of third foot in climbing. At the base of the upper 
mandiUe is a ^ cere^" in which the nostrils are pierced The 
tongue is soft and fleshy. The feet are especially adapted for 
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climbing, some, however, of the Parrots moving about actively 
on the ground. The colours of the plumage are generally ex- 
tremely bright and gaudy; and they live for the most part upon 




Fig. 277.—A, Foot of Woodpecker (JPiett$}i B, Head of Love-Urd (A^^a/omis). 

fruits. The Parrots are divided into numerous sub-fionilies, 
such as the Cockatoos, the true Parrots and the Panakeets. 
The^ are all natives of hot dimates, abounding especially in 
tropical America and in the forests of Australia. The true 
Macaws (Anwue) are exclusively American; and the true 
Pazrakeets, PezoporhuBf are exclusively confined to the eastern 
hemisphere, being especially characteristic of Australia. 

In the last family of the Scansores are the Toucans {Rham- 
phastidce), characterised by having a bill which is always very 
large, longer than the head, and sometimes of comparatively 
gigantic size. The mandibles are, however, to a very great 
extent hollowed out into air-cells, so that the weight of the bill 
is much less than would be anticipated from its size. The 
Toucans live chiefly upon fruits, and are all confined to the 
hotter regions of South America, frequenting the forests in con- 
dderable flodcs. 

Order VL Insbssores. — The sixth order of Sirds is that of 
the Insessores, or Perchers— often spoken of as the Pas seres; KX 
" Passerine " Birds. They are denned by Owen as follows : — 

" Legs slender, short, with three toes before and one behind, 
the two external toes united by a veiy short membrane " (fig. 
178, A, B). 

" The Perchers form the largest and by far the most numer- 
ous order of birds, but are the least easily recognisable by dis- 
tinctive characters common to the whole group. Their feet, 
being more especially adapted to the delicate labours of nidi- 
fication, have neither the webbed structure of those of the 
Swimmers^ nor the robust strength and destractinre talons whidi 
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charactense the feet of the Birds of Rapine^ nor yet the ex- 
tended toes which enable the IVader to walk safely over 
marshy soils and tread lightly on the floating leaves of aquatic 
plants ; but the toes are slender, flexible, and moderately elon- 
gated, with long, pointed and slightly-curved claws. 

The Perchers in general have the females smaller and less 
brilliantly cokrared tiian the males ; they always live in paixs, 
build in trees, and display the greatest art in the constructioh 
of their nests. The young are excluded in a blind and naked 
state, and wholly dependent for subsistence during a certain 
period on parental care. The brain arrives in this order at its 
greatest proportionate size ; the organ of voice here attains its 
greatest complexity, and all the characteristics of the bird, as 
power of flight, melody of voice, and beauty of plumage, are 
enjoyed in the highest perfection by one or other of the groups 
of this extensive and varied order. 

The structure of the feet, then, gives the definition of the 
order, but the minor subdivisions are founded on the nature 




Fig. 178.— Insessores. A, Foot of Yellow Wagtail; B, Foot of Water^usel; C, 
Conirostral beak (Hawfinch); D, Dentirostral bMdt (Shfike); E, TenviviNml beak 
(Hnnuiuqg-birdi); F, FiuiroitnU beak (Swift). 

of the beak ; this organ varying in form according to the nature 
of the food, " which may be small or young birds, carrion. 
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insects, fruit, seeds, vegetable juices, or of a mixed kind" 
(Owen). 

In accordance with the form of tlie beak, the Insessores have 
been divided into four great sections or sub-orders, known as 
the ComraUres^ DenGr^fdm^ Thtmrwfretf and Fissirostres. 

^tb-oriet z. Qmirostrfs* — ^In this section of the Insessores 
the beak is strong and on Ihe whole conical, broad at the base 
and tapering with considerable rapidity to the apex (fig. 178, 
C). The upper mandible is not markedly toothed at its lower 
margin. Good examples of the Conirostral type of beak are 
to be found in the common Sparrow, Hawfinch, or Bullfinch. 
The greater number of the Conirostres are omnivorous ; the re- 
mainder are granivorous, or feed on seeds and grains. The 
sub-order includes the families of the Horn-bills {Buceridce\ 
the Starlings {Sfurnidec), the Crows {Corz'ida), the Cross-bills 
{Loxiadc£\ and tlie T inches and Larks {Fringiliidce). 

In the Horn-bills the conirostral shape of the beak is masked, 
partly by its being of veiy great size, and partly by the fact 
that above the upper mandible is placed a hollow appendage 
like a kind of heJmet Both the beak and the appendage 
above it are rendered light by the presence of numerous aur- 
cells. The Horn-bills are exclusively confined to the warm 
countries of the eastern hemisphere, and are the largest of all 
the Insessoriil birds, sometimes attaining the size of a goose. 
They live on fruits, and make their nests in the holes of trees. 

The family of the Corz'idcc, or Crows, is an extremely exten- 
sive one, and includes a large number of very dissimilar look- 
ing birds, all cliaracterised by their lung, strong, and com- 
pressed beaks, the tip of the upper mandible being slightly 
hooked and more or less notched. In this family are the 
Jays {Garrulime) ; the true Crows or Corvime (comprising the 
Rookis^ Cairion-crows, Ravens, Jackdaws, Magpie, Chough, 
&C.), and the Birds of Paradise {Paradiseidce). These last 
differ considerably from the ordinary Cormdc^ but can hardly 
be separated as a distinct family. They are amongst the most 
beautiful of all birds, and are entirely confined to New Guinea 
and the neighbouring islands. They feed upon insects nnrl 
fruit, and are largely destroyed for the sake of their feathers. 
The natives who capture them usually cut off their legs \ hence 
the notion formerly prevailed that the Birds of Paradise were 
destitute of these lirnbs. It is only the males which possess 
the brilliant plumage, the females being soberly dressed ; and 
in accordance with this fac^ it is stated that the Birds of Para- 
dise are polygamous, being in this; respect an exception to the 
entire order of the Insessores, 
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The family of the Starlings (SturnidcB) is not separated from 
that of the Crows by any important characters. Besides our 
common Starlings, it includes a number of other more or less 
singular birds, of which the Bower-birds of Australia are perhaps 
the most peculiar. These curious birds have the habit of 
building very elaborate bowers, often very beautifully oonstmcted 
and <^ considerable size^ in whidi tiiey amuse themselves and 
apparently make love to one another. These bowers are wholly 
independent of their nests, which they construct elsewhere. 

The last family of the Conirostrcs is that of the Frirtgilliday 
comprising the Finches, Linnets, and X^arks. In these birds 
the bill is stout and conical, with a sharp apex, but not having 
the upper mandible toothed. The toes are adapted for perch- 
ing, and are provided with 
long and curved claws, that 
of the hinder toe being 
usually longer than the rest 
They are all monogamous, 
and th^ build more or less 
elaboiatenests. Inthis&mily 
are the true Finches (JMp- 
giiSna\ the Buntings, the 
Larks, the Tanagers, the 
Grosbeaks, and many others, 
but their numbers are so ^%':^rJ-i^';^l^ ^''^ 
great that any further notice rostral beak, 
of them is impossible here. 

The only remaining members of the Conirostres which 
require notice are the Cross-bills (Loxiadce)^ which are some- 
times placed with the Finches, and sometimes considered 
as a separate order. In these birds the structure of the beak 
is so peculiar that its Conirostral character is completely 
masked it has been looked upon as a deformity. Both 
mandibles> namely, cross one another towards &e tip, giving 
the entire bill a most remarkable appearance. In point of 
feet, however, mstead of being a deformi^, the bill of the 
Cross-bills is a beautiful natural adaptation, enabling the bird 
with the greatest facility to tear in pieces the hard fir-<x>nes, on 
the seeds of which it feeds. 

Sub -order 2. Dentirostres. — The birds in this section are 
characterised by the fact that the upper mandible is provided 
with a distinct notch in its lower margin near the tip (fig. 178, 
D). They all feed upon insects. This sub-order includes the 
Shrikes (Laniida)^ the Fly-catchers (Muscuapidcs)^ the Thrushes 
(MeruUda), the Tits {Parince), and the Warblers (Syiviada). 
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The Shrikes are highly predacious birds, which in many 
• respects make a close approach to the true Birds of Prey. 
They feed, however, mostly upon worms and insects, and only 
occasionally destroy small birds or mice. 

The great family of the Thrushes (Ifenilida) comprises not 
only the true Thrushes, Fieldfares, and Blackbirds, but a 
number of exotic forms, of which the most familiar are the 
Orioles, so wdl known for their brilliant plumage and their 
beautifully-constructed nests. 

In the SylviadOf amongst other forms, are the Wag-tails 
{Motacillina) and the Pipits (Anthus), the Titmice, Robins, 
Hedge-sparrow, Stone- rh at, Redstarts, and other well-known 
British birds. The Titmice (Parince) are often placed in the 
sub-order of the Conirosires, The Nightingale also belongs to 
this family. 

Sub-order 3. Tenuirostres. — The members of this sub-order 
are characterised by the possession of a long and slender beak, 
gradually tapering to a point (fig. 178, E). The toes are very 
long and slender, the hind-toe or hidlux especially so. Most 
of tiie Tenuirostral birds live upon insects, and some of these 
present a near resemblance in many of their characters to the 
Dentirostres, but it is asserted that some live partially or wholly 
on the juices of flowers. 

The chief families of the Tnrdrosfm are the Creepers 
{Cerihida), the Honey-eaters (Meliphaguite), the Humming- 
birds {TrochUidm)y the Sun-birds {PromeropidcR)^ and the 
Hoopoes ( Upupida), of which only the Creepers and Hum- 
ming-birds need any further notice. 

The family Certhidcd includes several familiar British birds, 
such as the little brown Creeper {Certhia fatniliaris\ the 
Nuthatch (^Soto EurapcM)^ and the Wrens {Troglodytes), ^th 
these are a number of exotic forms, of which the singular 
Lyre-birds of Australia are the most remarkable. 

The family of the Trochilida^ or Humming-birds, includes the 
mc»t fragile and brightly coloured of all the birds^ some not 
weighing more than twenty grains when alive, and many 
exhibiting the most brilliant play of metallic colours. The 
Humming-birds are pre-eminently South American, but extend 
northwards as far even as the southern portions of Canada, 
The bill (fig. 178, E) is always very long and slender, as are 
the toes also. The tongue is bifid, and appears to be used 
either to catch insects within the corollas oi flowers, or to 
suck up the juices of the flowers themselves. 

Suinmler 4. Fissirosins. — ^In this sub-mder of the Inuss&m 
the beak is short but remarkably wide in its gape (fig. 178, F), 
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and the opening of the "bill is fenced in by a number of bristles 
(inbrisscs). This arrangement is in accordance with the habits 
of the FissirostreSj the typical members of Which live upon 
insects and take their prey upon the wmg. The most typical 
Fissirostral birds, in fact, such as the Swallows and CioaL-suckers, 
Uy about with tlicu: mouLhb widely opened ; and the insects 
which they catch in this way are prevented from escaping 
partly by the bristles which border tiie gape, and partly by a 
viscid saliva which covers the tongue and inside of the mouth. 

The typical Mssirostres^ chaiacterised by this structure of the 
beak, comprise three families — the Swallows and Martens 
(Hirundmid(B)y the Swifts (CypsdidcB\ and the Goat-suckers 
{Caprimulgidce). These three families differ in many important 
respects from one another, but it would be inconvenient to 
separate them here. The Swifts, especially, are remarkable 
for the peculiarity that whilst the hallux is present, it is turned 
forwards along with the three anterior toes. The Goat-suckers, 
again, hunt their prey by night, and they are provided with 
the large eyes and thick soft plumage of all nocturnal birds. 
Besides the above, there remain the two femilies of the King- 
fibers and Bee-eaters^ whidi are generally placed amongst die 
FUnrosires^ though in very many respects die arrangement 
ap|)ears to be an unnatural one. These families are charac- 
terised by their stronger and longer bills, and by having the 
external toe nearly as long as the middle one, to which it is 
united nearly as far as the penultimate joint. In consequence 
of this peculiar conformation of the toes, these families were 
united by Cuvier into a single group under the name of 
Syndcutyli, 

The Bee-eaters {Meropidci) live upon insects, chiefly upon 
various species of bees and wasps ^ but llic Iving-nslieis live 
upon smdl fish, which they capture by dashing into the water, 
llie OMnmon King-fisher {Alado ispidd) is a somewhat rare 
native of Britain, and is peihaps the most beautiful of all our 
truly indigenous species. Some exotic King-fishers are of 
large size^ and one of the most remarkable of them is the 
Laughinjf jadcass {Daeelo gigas) of Australia, so called from its 
extnunrdinaiy song, resemblmg a prolonged hysterical laugh. 
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CHAPTER LXX. 



RAPTORES AND SAURUILE. 



Order VII. Raptores. — ^All the members of this order are 
chaiactoised bjr the shape of the biU^ whidi is ''strong, 
curved^ sharp-edged, and sharp-pointed, often anned with a 
lateral tooth (Owen.) The upper mandible is the longest 
(fig. xSo, B), and is strongly hooked at the tip. The body is 
very musctuar; the legs are robust, short, with three toes in 
front and one behind, all armed with long, curved, crooked 
claws or talons (fig. 180, A) ; the wings are commonly pointed, 
and of considerable size, and the flight is usually rapid and 
powerful. The Birds of Rapine are monogamous, and the 
female is larger than the male. They build their nests generally 
in lofty and inaccessible situations, and rarely lay more than 
four eggs, from which the young are liberated in a naked and 
helpless condition. 

The order Raptores is divided into two great secdons — the 
NoctumeU Birds of Prey, which hunt by night, and have tiie 
eyes directed forwards j and the DhmuU Raptms, wbidi 
catch their prey by day, and have the Qres directed laterally. 



The section of the Nocturnal Raphres includes the single 
family of the Strigidce, or Owls. In these birds the eyes are 
large, and are directed forwards. The plumage is exceedingly 
loose and soft, so that their flight (even when they are of large 
size) is almost noiseless. The beak is short, strongly hooked, 
furnished with bristles at its base, and having the nostrils 
pierced in a membranous " cere " at the base of the upper man- 
dible. The cranial bones are highly pneumatic, and the head 
is therefore of large size. The feathers of the face usually form 




FSg. z8ak<-sA, Foot of dw PengriM Fdcon; B, Head of Bnmid. 



Digitized by 



RAPTORES. 



46s 



an incomplete or complete " disc " or circle round each eye 
(fig. 181, B), and a circle of plumes is likewise placed round 
each external meatus auditorius. The legs are short and 
Strong, and are fbmisfaed with four toes, all armed with strong 
crooked talons. The outer toe can be turned backwards, so 
tiiat the foot has some resemblance to that of the Scmuwres. 
The tarso-metatarsus is densely feathered (fig. 181, A), and the 
plumes sometimes extend to the extremities of the toes. The 
cesophagus is not dilated into a crop; and the indigestible 
portions of the food are rejected by regurgitation from the 
stomach in the form of small pellets. .The Owls hunt their 
prey in the twilight or on moonlight nights, and they live 
mostly upon field-mice and small birds, though they will also 
eat insects or frogs. 




Tig. i8z.— A, Foot ortmny Owl {Ulula striJuUt); Head of while Owl 

dStrix^ammga), 

The section of the Diurnal Raptores includes the two groups 
of the Accipiirinm (Falcons, Hawks, and Eagles), and the Vul- 
turitUB^ or Vultures. The eyes in this section are much smaller 
than in the preceding, and are placed laterally ; and the plum- 
age is not soft. As regards their j)ower of flight, they show 
a decided advance upon the Nocturnal Birds of Prey. The 
wings are long and pointed ; the sternal keel and pectoral 
muscles are greatly developed ; and many of the members of 
this section exhibit a more rapid power of locomotion than is 
seen in any other division of the animal kingdom. The bill is 
long and Strong, with a large ''cere" at the base of the upper 
mandible, in which die ncNitrils are pierced. The taiso-meta- 
tarsus and toes are usually covered by scalei^ and are rarely 
feathered* Lasdy, the oesophagus is dilated into a capacious 
crop. 

VOL. II. 3 G 
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In the Accipitrin(z or Fakojiidic (fig. i8o, B) the head and 
neck are always clothed with feathers, and the eyes are more 
or less sunk in the head, and provided with a superdliaiy ridge 
or eyebrow. It is to a great extent to the presence of this 
ridge that many of these birds owe their fearless and bold ex- 
pression. In this family are ^e Falcons, Hawks, Buzzards, 
Kites, Harriers, and Eagles, most of which are so well known 
that any description is unnecessary. 

In the Vulturida (fig. 182) the eyes are destitute of an eye- 
brow, and the head and neck are frequently naked, or covered 
only by a short down. In this family are the Bearded Vul- 
tures, the true Vultures, and the Condor. 



The Bearded Vulture, or Lammeigeyer {Gypsadus darMus), 
is the largest of European birds, measuring from nine to ukk 
feet from the tip of one wing to that of the other. This power- 
ful and rapacious bird inhabits the mountain-ranges of the 
south of Europe and the west of Asia, and feeds chiefly on 
goats, lambs, and deer, which it kills by precipitating down 
steep declivities. It is distinguished from the true Vultures by 
the fact that the head and neck are feathered. 

The true Vultures have the head, and generally the neck 
also, naked, or covered with down. They are filthy and dis- 
gusting bindsy whidi live almost entirety upon carrion, a pecu- 
liarity which renders them of great service in hot climates. 

The last member of this section is the gigantic Condor 
{Sarofrhampus grypkus). This enormous bird luis a stretch of 




xSs.— Head of Vulture {^Neoj^roK percno^terusy 
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wing of over fourteen feet, and is usually seen soaring at great 
heights in the air, rising, it is said, to a height of over twenty 
thousand feet It inhabits the lofty mountain-ranges of the 
Andes, and builds its nest at a height of from ten to ^teen 
thousand feet. 

Order VIII. Saurur^e. — This order includes only the 
extinct bird, the Archaopteryx macrura, a single specimen of 
which — and that but a firagmentaiy one — ^has been discovered 
in the Litho^nq[>hic Slates of Solenhofen (Upper Oolites). 
This extiaordinajnr bizd aj^eais to have been about as big as a 
Rook ; but it dirors from all known birds in having two free 
claws belonging to the wing, and in having a long lizard-like 
tail, longer than the body, and composed of separate verte- 
brae. The tail was destitute of any ploughshare-bone, and 
each vertebra carried a single pair of (juills. The metacarpal 
"bones, also, were not anchylosed together as they are in all 
other known Birds^ living or extinct 




Fig. \^y—Archaopteryx macntra, showing tail and tail-feathers, with detached bomcSi 



CHAPTER LXXI. 

DISTRIBUTION OF A VES IN TIME. 

As regards the geological distribution of Birds, there are 
many reasons why we should be cautious in reasoning upon 
merely negative evidence, and more than ordinarily careful not 
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to infer the non-existence of birds during any particular geolo- 
gical epoch, simply because wc can find no positive evidence 
for their presence. As Sir Charles Lyell has well remarked, 

the powers of flight possessed by most birds would insure 
them against perishing by numerous casualties to whidi quad- 
rupeds aie exposed during floods;" and, ''if they chance to 
be drowned, or to die when swimming on water, it will scarcely 
ever happen that they will be submerged so as to become pre- 
served in sedimentary deposits," since, from the lightness of the 
bones, the carcase would remain long afloat, and would be liable 
to be devoured by predacious animals. As, ^v^th a few utterly 
trivial exceptions, all the deposits in whicli fossils are found 
have been laid do^vn in water, and more csjKcially as they are 
for the most part marine, these considerations put forward by 
Sir Charles Lyell afford obvious ground against the anticipation 
that the remains of birds should be either of frequent occurrence 
or of a perfect character in any of the fossiliferous rocks. In 
accordance with these considerations, as a matter of &ct, most 
of the known remains of birds are either fragmentary or belong 
to forms which were oiganised to live a tenestrial life, and were 
not organised for flight 

The earliest remains which have been generally referred to 
birds are in the form of footprints impressed upon certain sand- 
stones in the valley of the Connecticut River in the United 
States. These sandstones are alinast certainly Triassic, and if 
the ornithic character of tliese footprints be admitted, then 
Birds date their existence from the commencement of the 
Mesozoic period, and, for anything we know to the contrary, 
may have existed during the Palceozoic epoch. 

The evidence as to fiie ornithic character of the footprints 
in the American Trias is as follows 

jFirstfy^ The tracks are, beyond all quesrion, those of a fi^td 
— that is to say, of an animal which walked upon two legs. 
No living animals walk habitually upon two legs except Man 
and Bin^, and therefore there is A primd /aae presumption that 
the authors of these prints were birds. 

Seco/i/f/y, The impressions are mostly tridactylous — that is 
to say, formed by an animal with three toes on each foot, as is 
the case in many Waders and most Cursorial birds. 

Thirdly^ The impressions of the toes show the same numeri- 
cal progression in the number of phalanges as exists in living 
birds — that is to say, the innermost of the antenor toes has 
three phalanges, the middle one has four, and the outermost 
toe has five phalanges. 

Taking tins evidence collectively^ it would have seemed, till 
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lately, tolerably certain that these impressions were formed by 
Birds. We must not, however, lose sight of the possibili^ 

that these impressions may have been formed by Reptiles 
more bird-like in their characters than any of the hving forms 
with which we are acquainted. The recent researches of 
Huxley, Cope, and others, go to show that the Dinosaurian 
Reptiles possessed the power of walking temporarily or per- 
manently on the luiid-legs, and many curious affinities to the 
true Birds have been pointed out It is therefore by no 
means impossible that these footprints of the Connecticut 
valley are truly Reptilian. 

The sixe and other duuacters of the above-mentioned im 
pressions vary much, and they have certainly been produced 
by several different animals. In the largest hitherto discov- 
ered, each footprint is twenty-two inches long, and twelve 
inches wide, showing that the feet were four times as brp:e as 
those of the African Ostrich. The animal, therefore, which 
produced these impressions — whether Avian or Reptilian — 
must have been of gigantic size. 

The first unmistakable remains of a bird have been found 
in the Solenhofen Slates of Bavaria, of tlie age of the Upper 
Oolites. A single unique specimen, consisting of bones and 
feathers, but unfortunately without the skull, is all that has 
hitherto been discovered; and it has been named the ArduB- 
opteryx macrura. The characters of this singular and aberrant 
bird, which alone constitutes the order Saurum^ have been 
already given, and need not be repeated here. 

Other doubtful remains of birds have been alleged to occur 
in the Mesozoic series, but many of these certainly belong in 
reality to Pterodactyles. 

In the Tertiary Rocks, however, there are, comparatively 
speaking, many remains of birds. In the Eocene Rocks of 
France has been found a large bird, as big as an Ostrich, the 
so-called Gastornis Fat ui-ensis ; and in England, in the same 
f(ffmation, we have a small Vulture {Lithomis vulturmus), and 
a Kin^-fisher {IfaUyomis tdiapicus). In the Eocene of Claris 
in Switzerland occurs, also, the oldest known Inaessorial or 
Passerine bird, the Prohmis Gldtisiensis, which was about as 
big as a lark. 

Numerous remains of birds have likewise been found in the 

Miocene and Pliocene deposits. With the exception, how- 
ever, of the Mesozoic ArchcRopieryx, by far the most remark- 
able remains of birds have been toiind in the Post ternary or 
Pleistocene deposits. AH the remains now alluded to are 
those of gigantic wingless birds; and it is worthy of notice 
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that they are exclusively found in regions now tenanted by 
smaller wingless birds, whilst there is reason to believe that 

some of them have been in existence during the human 
period. Most of the remains in question have been found in 
New Zealand, where tliere have been obtained the liones of 
several species of large wingless birds, referred by Owen to 
the genera Dinomis, Falapteryx, and Aptornis. The Dhiomis 
giganteus must have been one .of the most gigantic of the whole 
class of birds, the tibia measuring upwards of a yard in length, 
and the skeleton indicating a bird which stooa at least ten 
feet in height In another species, the DmomU d^hantopus^ 
the framework of the skeleton is the most massive of any in 
the whole class of birds," and "the toe-bones almost rival those 
of the Elephant" (Owen). The feet were funiished with three 
anterior toes, and are of interest as presenting us with an un- 
doubted bird big enough to produce the largest of the foot- 
prints of the Triassic Sandstones of Connecticut. There is 
reason to believe from the traditions of the Maories that the 
Dinamis was hving at no very remote period, and that it has 
been exterminated by rnan. 

In Madagascar bones have been discovered of a bird as 
large or larger than the Dmmtis giganteus, whidi has been 
described under the name of the jS^ortus ffutxttnus, Witb 
the bones have been found eggs measuring from thirteen to 
fourteen inches in diameter, and computed to be as big as 
three ostrich-eggs, or one hundred and forty-eight hens' eggs. 
UnHke New Zealand, where there is the Apteryx, Madagascar 
itself has no living 'wingless birds; but in the neighbouring 
island of Mauritius the Dodo has been exterminated less than 
three hundred years ago ; and the little island of Rodriguez, in 
the same geographical province, has in a similar penod lost 
the wingless Solitaire {Fezophaps), 



Digitized by Google 



MAMMALIA. 



DIVISION III. MAMMALIA. 



CHAPTER LXXII. 
General Characters of the Mammalia. 

The last and highest class of the Veriebratay that of the Mam- 
malia,, may be shortly defined as including Vertebrate animals 
in which some part or other of the ijitegument is ahvays provided 
with hairs at some tiffie of life : and the young are nourished^ for 
a longer or shorter time^ by means of a special fluid — the milk — 
secreted by special glands — the mammary glands. These two 
characters are of theiiibelvca butUcient broadly to separate the 
Mammals from all other classes of the Vertebrate sub-king- 
dom. In addition, however, to these two leading pecoliaritiesfy 
the Mammals exhibit the following other characters of scarcely 
less impcHtance : — 

1. The skull articulates with the vertebral column by means 
of a double articulation, the occipital bone canning two con- 
dyles, in place of the single condyle of the Reptiles and Birds. 

2. The lower jaw or mandible consists of two halves or 
rami, united anteriorly by a symphysis, but not necessarily 
anchylosed ; but these are each composed of a single piece, 
instead of being complex and coubisting of several pieces, as 
in the Reptiles and Birds. Further, the lower jaw always 
axticulates directly with the squamosal element of the skull, 
and is never united to an os quadratum, as in the Stmropsida. 

3. The two hemispheres of die cerebral mass, or brain proper, 
aie united together by a more or less extensively developed 

corpus callosum or commissure. 

4. The heart consists — as in Birds — of four cavities or 
chambers, two auricles and two ventricles. The right and left 

sides of the heart are completely separated from one another, 
and there is no communication between the pulmonary and 
systemic circulations. The red blood-corpuscles are non- 
nucleaied, and, with the exception of the Camelida, they are 
circular biconcave discs. There is only one aorta — the left — 
which turns over the left bronchus, and not over the right, as 
it does ill Birds. 
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5. The cavities of the thorax and abdomen are completely 
separated from one another by a muscular partition — the dia- 
phragm or midriff. 

6. The respiratory organs are in the form of two lungs 
placed in the thorax, but none of the broncKi end in air-recep- 
tacles, distributed through the body, as m Burds. 

7. The embryo mammal is invariably enveloped in an am* 
nioiiy and an allantois is never wanting. The allantois, how- 
ever, cither disappears at an early period of life, or it develops 
the structure known as the ''placenta." The placenta is a 
vascular oigan which serves as a means of communication 
between the parent and the foetus^ but it will be noticed more 
particularly hereafter. 

8. In no Mammal do the visceral arches and clefts of the 
embryo ever carry branchiae, as they do in the Fishes and 
Amphibians. 

These are the essential characters which distinguish the 
Mammalia as a class, but it will be necessary to consider these, 
and some other points, in a more detailed manner. 

In the first place, widi r^^ard to the osteology of the Mam- 
mals, the following points should be noticed : — 

With die exception of the Whales and Dolphins (C^flftMoi), 
and the Dugongs and Manatees (•SffKKMii), the vertebral colmnn 
is divisible into the same regions as in man — ^namely, into a 
cervical, dorsal, lumbar, sacraX and caudal or coccygeal region 
(see fig. 118). In the Ceiacea and Sirmia the dorsal region 
of tlie spine is followed by a number of vertebroe which com- 
pose the hinder extremit)' of the body, but which cannot be 
separated uito lumbar, sacral, and caudal vertebras. 

In spite of the great difference which is observable in the 
length of the neck in different Mammals, the number of 
vertebrae in the cervical region is extraordinarily constant, 
being almost invariably seven, as in man. In this respect 
there is no difference between the Whale and the Gimfie. 
The only exceptions to this law are the Manatus ausiralis^ 
one of the Sea-cows, which has usually six cervical ver- 
tebrae, and the three-toed Sloth (Bradjipus iridactylus)^ which 
is commonly regarded as possessing nine, though competent 
anatomists would refer the posterior two of these to the dorsal 
region. 

The dorsal vertebrae are mostly thirteen in number, but they 
vary from ten to twenty-four. In Man there are twelve, in one 
of the Armadillos only ten, and in the three-hnerered Sloth the 
maximum is attained. Tiic lumbar vertebrie are usually six 
or seven in number, rarely fewer than four. In Man they are 
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five in number, and they are reduced to two in the two-toed 
Sloth, one of the Ant-eaters, and the Duck-mole. 

The first vertebra, or atlas, always bears two articular cavi- 
ties for the reception of the two condyles of the occipital bone, 
and the second vertebra, or axis, usually has an odontoid ** 
process on which the head rotates. In the true Whales, how- 
ever, in \s lu< h the cer\'ical vertebrae are anchylosed together 
to a greater or less extent, and the neck is immovable, the 
odontoid process is also wanting. 

In almost all Mammals the spinous processes of the dorsal 
restebm are very largely developed for the attachment of the 
structure whidi is known as the Kgamentum nuche^ This is a 
great band of elastic fibrous tissue, which is attached in front 
to the occipital bone and spinous processes of the cervical 
vertebrae, and which relieves the muscles of the task of support- 
ing the head, in those Mammals which progress with the body 
in a horizontal position. The development of the lii;amaitiim 
nucha is consequently, as a rule, proportionate to the size 
of the head and tlie length of the neck. In Whales no such 
api)aratus is necessary, owing to the fixation of the cemcal 
verLebrce by anchylosis j and in Man, who walkn erect, the 
liganmium tmekm can hardly be said to exist as a distinct 
structure^ beii^ merely represented by a band of fascia. 

The number of lumbar and sacral vertebrae, as we have seen, 
varies in different mammals ; but ordinarily some of the verte- 
brae are anchylosed into a single bone, and have the iliac bones 
abutting against them, thus constituting the sacrum" of 
human anatomists. In the Cetacea and Sirenia^ in which the 
hind-limbs are wanting, and the pelvis rudimentary, there is no 
** sacrum." 

The thoracic cavity or chest in Mammals is always enclosed 
by a series of ribs, the number of which varies with that of the 
dorsal vertebrae. In most each rib articulates by its 

head with the bodies of two vertebrae, and by its tubercle with 
the tiansvexse process of one <^ these vertetoe (the lower one). 
In the Mmuirmata {e. the Duck-mole), the ribs articulate 
with the body of tiie vertebra only, and in the Whales die 
hindermost of the ribs, or all of them, articulate with the trans- 
verse processes only, and not with the centra at all. 

There are usually no bony pieces uniting the ribs with the 
sternum or breast-bone in front, as in Birds ; but the so-called 

sternal ribs " of Aves are represented by the " costal carti- 
lages" of the Mammals. In some cases, however, the carti- 
lages of the ribs do become OFsifi' d and constitute sternal ribs. 
Sometimes, as in the Armadillos, there is a joint between the 
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vertebral rib and costal cartilage. More rarely, as in the 

Monotremes^ an intermediate piece is found between the verte- 
bral and costal portions of the rib. Oiily liie anterior ribs 
reach the sternum, and these are called the true " ribs : the 
posterior ribs, which fall short of the breast-bone, being known 
as the " false " ribs. 

The sternum or breast-bone is formed of several pieces placed 
one behind the other, but usually anchylosed together to form 
a single bone. It is placed upon the ventral surface of the 
body, and is united with the vertebral column by the ribs and 
their cartilages. It is generally a long and narrow bone, but 
in the Cdaaa it is broad. It is only in some burrowing ani* 
mals (such as the Moles^ and in the true fijnng Mammals (the 
Bats), that the sternum is provided with any ridge or keel for 
the attachment of the pectoral muscles, as it is in Birds. The 
sternum is primitively composed of three pieces, an anterior 
piece or prcestemum^ a middle piece or vicsostej'num, and a 
posterior piece or xiphisiemvm. The praestemum is tlie 
" manubrium stemi " of human anatomy, and is the portion of 
the sternum which lies in front of the attachment of the second 
pair of ribs. All the other ribs are connected with the meso- 
stemum. The sdphistemum is the ^ xiphoid cartilage " of 
human anatomy, and it commonly remains throughout life 
more or less unossified. In the Monotremes there is a T- 
shaped bone above or in front of the praestemum, but this is 
probably to be regarded as belonging to the shoulder-girdle, 
and as representing the " epistemum " or interclavide " of 
the Reptiles, 

The normal number of limbs in the Mammalia is four, two 
anterior and two posterior ; and hence they are often spoken 
of as " quadrupeds," though all the limbs are not universally 
present, and other anunals have four limbs as well. The ante- 
rior limbs are not known to be wanting in any Mammal, but 
the posterior limbs are absent in the Cdacea and Sirenia. 

As regards the structure of the anterior limb, the chief points 
to be noticed concern the means by which it is connected with 
the trunk. The scapula or shoulder-blade is never absent, and 
it is in the form of a broad flat bone, applied to the outer 
aspect of the ribs, and much more developed than in the Birds. 
The coracoid bone, which forms such a marked feature in the 
scapular arch of Aves^ is fused with the scapula, and only arti- 
culates with the sternum in the Duck-mole and Echidna (Ahyno- 
trcfnafa). In all other Mammals the coracoid forms merely a 
process of the scapula, and does not reach the top of ihe breast- 
bone. The coiiar-bones or clavicles never unite in any Mam- 



Digitized by Google 



CHARACTERS OF MAMMALIA. 475 



mal to fonn a Airculum/' as in Birds ; but in the Monotremes 
they unite with an " inter-clavicle placed in front of the ster- 
num. The clavicles, in point of fact, are not present in a well- 
developed form in any Mammals except in those which use the 
anterior limbs in flight, in digging, or in prehension. The 
Cetatea^ the Hoofed Quadrupeds {Ungidata)^ and some of the 
JEdejitatay have no clavicles. Most of the Carmvor a and some 
Rodents possess a clavicle, but this is imperfect, and does not 
articulate with the top of the stmiun. The Insectivorous 
Mammals, many of the Rodents^ the Bats^ and all the Quadru- 
mono, have (with man) a perfect davide articulatmg with the 
anterior end of the sternum. 

The humerus, or long bone of the upper arm {brachium), is 
never wanting, but is extranely short in the Whales, in which 
the anterior limbs are converted into swimming-paddles. In 
many Mammals, as in the Monkeys, and Feiidce (constituting 
the most typical group of the Camtvora)^ the median nerve and 
brachial or ulnar artery are protected on their way down the 
arm by a canal placed a little above the elbow, and formed by 
a process — the " supra-condyloid " process — which is some- 
times present in man as an abnormality. 

In die fore-arm of all Mammals the ulna and radius are re- 
cognisable, but they are not necessarily distinct; and the radius, 
as being the bone which mainly supports the hiand, is the only 
one which is always wdl developed, the ulna being often rudi- 
mentary. In the Cdacea the ulna and radius are anchylosed 
together; and in most of the Hoofed Quadrupeds they are 
anchylosed towards their distal extremities. In the flying 
Mammals or Bats alone is the ulna ever altogether absent. 
The fore-arm attains its greatest perfection in man, in wliom 
the radius can rotate upon the ulna, so as to allow the back of 
the hand to be placed upwards or downwards, these movements 
being known respectively as " pronation " and " supination.** 
In the Monkeys only is diere any approach to this power of 
rotation. 

The fore-arm is succeeded by the small bones whidi com< 
pose the wrist or " carpus." These are eight in number in 
man, but vary in different Mammals from five to eleven. 

The metacarpus in man and in most Mammals consists of 
five cylindrical bones, articulating proximnlly with the carpus, 
and distally with the phalanges of the fingers. The most re- 
markable modification of this normal state of things occurs in 
the Ruminants and in the Horse. In the Ruminants, m which 
the foot is cleft, and consists of two toes only, there arc two 
metacarpal bones in the embryo ^ but tlieic axe anchylosed to- 
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getTier in the adult, and form a single mass which is known 
as the canon-bone" (fig. 184, ca). In the Horse, in which the 
foot consists of no more than a single digit, there is only a 
single metacarpal bone, on each sideof which are two httle bony 

spines — the so-called ** splint- 
bones" — which are attached 
superiorly to the carpus. These 
are to be regarded as rudimen- 
tary metacarpals ; butbyCuvier 
they were looked upon as im- 
perfect fingers. In most of the 
other Ungulates there are at 
least three metacarpals, and in 
the Elephants there are five. 

The normal number of digits 
is five, but they vary from one 
to five, I'he middle finger is 
the longest and most persistent 
of the digits of the fore-limb ; 
and in the Horse it is the only 
one which is left (fig. 184, A). 
The thumb is very frequenuy 
absent. In the Ruminants there 
are only two fingers which are 
functionally useful, these carry- 
ing the hoofs. In allKummants, 
however, there are two rudi- 
mentar)^ and functionally use- 

Flff. 184,— A, Fore-leg of the Horse: r leSS digits in addition. 

Radius ;c Carpus: ca Canon-bpne ; / Normally cach digit has three 

Spbnt-booe^aFtistphalanxor "great , , J . -l 

paitem;** ^Secondphakttx or '*»naii phalanges, except the thumb, 
■ ^as only two. In the 

Radius^ tf^carpus. MGuMn4iomi * Whales aud Dolphins (Cefacm), 
" in which the anterior limbs form 

swimming-paddlesy very like those of the Ichthyosaurus and 

Pksiosaurus, the phalanges are considerably increased in 
number as they are in those "Reptiles. In all the Mammalia, 
too, except the Cetacea, it is the rule that the terminal phalanx 
in each digit should carry a nail, claw, or hoof 

The power of op]josing the thumb to the other digits of the 
hand is found only in Man, and in a considerable number of 
the Quadrumana^ but never so perfectly developed as 111 Man. 
In Man only does this power attain its full perfection, and it 
constitutes one of the most strilung of the merely anatomkal 
peculiarities by which Man is separated from the Monkeys. 




B 
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As, however, this feature is purely adaptive, and is really to be 
regarded as of extremely small physiological value, we ought 
to learn from this that the difference between man and the 
Qmdrumana is to be sought in the mental powers of each, and 
not in any merely structuxal character. 

Whilst the anterior limbs are never absent in any Mammal, 
the posterior limbs axe occasionally wholly wanting, as in the 
Cdacea and Sirema, Generally speaking, however, the poste- 
rior limbs are present, and the pelvic ardi has much the same 
structure as in man. The two halves of the pelvis — the ossa 
innommata — consist each of three pieces in the emhrvo — viz., 
the ilium, ischium, and pubes, which meet to form the cup- 
shaped cavity known as the "acetabulum," with whi(h the 
head of the thigh-bone articulates. In the adult Mammal 
these three bones are anchylosed together, and the two ossa 
innominata unite in front by means of a symphysis pubis, con- 
stituted either by a cartilaginous union (synchondrosis), or by 
merely ligamentous attachment. In some Mammals, however, 
such as £e Mole, and many of the Bats, the pubic bones re- 
main disunited during life. As a rule, also^ the ossa innomin- 
ata are firmly united with the vertebral column. In the Ceta- 
ceans, in which the hind-limbs are wanting, and there is no 
sacrum, the innominate bones are rudimentaiy, and are not 
attached in any way to the spine. 

The only other bones which are ever connected with the 
pelvis are two small bones which are directed upwards from 
the brim of the pelvic cavity in Marsupials and Monotremes. 
These are the so-called " Marsupial bones" regarded generally 
as not forming parts of the skeleton properly so called, but 
as being ossifications of the internal tendons of the " external 
oblique" muscles of the abdomen (%. 187). 

In those Mammals which possess hind-limbs, the normal 
composition of the member is of the following parts : — i. A 
ihigh-bone or femur ; 2. Two bones forming the shank, and 
known as the tibia and fibula ; 3. A number of small bones 
constituting the ankle or tarsus ; 4. The " root " of the foot, 
made up of the metatarsus ;" 5. The phalanges of the toes 
(see fig. 120). 

The thigh-bone or femur articulates with the pelvis, usually 
at a very open angle. In Man it is distinguished by being the 
longest bone of the body, and by having the axis of its shaft 
nearly parallel to that of the vertebral column. In most 
Mammals the femur is relatively shorter, and the axis of its 
shaft deviates considerably firom that of the spine^ being some- 
toes at right angles, or even at an acute an^^e. 
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Of the bones of the leg proper the tibia corresponds to the 
radius in the fore-limb, as shown by its canying the tarsus ; 
and the fibula is the representative of the uhuL The articula- 
tion between the tibia and fibula on the one hand, and the 
femur on the other, constitutes the knee-joint," which is usu- 
ally defended in firont by the knee-pan'* or patella, a large 
sesamoid bone developed in the tendons of the great extensor 
muscles of the thigh. The patella is of small size in the Car- 
nivora^ but does not appear to be wanting in any except the 
Marsupials. In manv cases the tibia and fibula are anchylosed 
towards their distal extremities. In the Horse the fibula has 
much the same character as in Birds, being a long sphnt-hke 
bone which only extends about half-way down the tibia. In 
the Ruminants the le verse of this obtains, the upper half of the 
fibula being absent, and only the lower half present 

The tibia articulates with the tarsus, consisting in man of 
seven bones, but varying in different Mammals from four to 
nine. 

The foot consists normally of five toes connected with the 
tarsus by means of five metatarsal bones, which closely re- 
semble the metacarpals. In the Ruminants there are only two 
metatarsals, and these are anchylosed in the adult, and carry 
two toes. In the Horse there is only one metatarsal support- 
ing a single toe. As a rule, the number of digits in the hind- 
Hmb or foot is the same as that in the fore-limb or hand ; but 
this is not always the case. In the Lions, Tigers, Cats, and 
Dogs, the posterior limb carries only four toes, the innermost 
toe or hallux being wanting. In the Quadrumana^ again, all 
the five toes are generally present, but the four outer toes are 
much longer than in Man, and the hallux is shorter than the 
other toes, and often opposable to them, so that the foot forms 
a kind of posterior hand The hallux is also not uncommonly 
opposable in other cases. 

The cranial bones are invariably connected with one another 
by sutures, and m no other examples than the Monotremes 
arc these sutures obliterated in the adult. The differences of 
opinion which are entertained as to the fundamental structure 
of the skull are so enormous that it will be best not to attempt 
here any detailed description of the skuil of tlie Mammalia, 
more especially as there is as yet no universal agreement even 
as to the nomenclature to be employed. It is sufficient to re- 
member that the skull is composed of a series of bony segments^ 
which are usually regarded as modified vertebrae. The occipi« 
tal bone carries two condyles for articulation with the first 
cervical vertebra. The lower jaw is composed of two halves 
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or rami, which are distinct from another in the embryo, and 
may or may not be anchylosed together in the adulL How- 
ever this may be, in no Mammal is the ramus of the lower jaw 
composed of several pieces, as it is in Birds and Reptiles, nor 
does it articulate with the skull by the intervention of an os 
quadratum. On the other hand, each ramus of the lower jaw 
in the Mammals is composed of only a single piece, and arti- 
culates with the squam(»sal element of the skull, or, in other 
words, with the squamous portion of the temporal bone. 

Teeth are present in the great majority of Mammals; but 
they are only present in the embr}'o of the Whalebone Whales, 
and are entirely absent in the genera Echidna^ ManiSy and 
Afynnecophaga. In the Duck-mole (Ornitkor/iynchus) the teeth 
are homy, and the same was the case in the extinct KhytLna 
amongst the Sirenia. In all other Mammals the teeth have 
their ordinary structure of dentine, enamel, and cnista petrosa, 
these elements being variously disposed in different cases. In 
no Mammals are the teeth ever anchylosed widi the jaw, and 
in all the teeth are implanted into distinct sockets or alveoli, 
which, however, are very imperfect in some of the Cetacea. 

Many Mamnials have only a single set of teeth throughout 
life, and these are termed by Owen "monophyodont." In 
most cases, however, the first set of teeth — called the " milk" 
or " deciduous " teeth — is replaced in the course of growth by 
a second set of " pemianent " teeth. The deciduous and per- 
manent sets of teeth do not necessarily correspond to one 
another ; but no Mammal has ever more than these two sets. 
The Mammals with two sets of teeth are called by Owen 
"diphyodonf* 

In Man and in many other Mammals the teeth are divisible 
into four distinct groups, which differ from one another in 
position, appearance, and function; and which are known 

respectively as the incisors^ canines^ prmmolars^ and molars 
(fig. 185). "Those teeth which are implanted in the prae- 
mixillary bones, and in the corresponding part of the lower 
jaw, :ire called 'incisors,' whatever be their shape or size. 
The tooth in the maxillary bone which is situated at or near 
to the suture with the prsemaxillary, is the * canine,' as is also 
that tooth in the lower jaw which, in opposing it, passes in 
front of its crown when the mouth is closed. The other teeth 
of the first set are the 'deciduous molais;* the teeth which 
.displace and succeed them vertically are the 'prsemokrs;' 
the more posterior teeth, which are not displaced by vertical 
successors, are the 'molars' properly so called.'* — (Owen.) 
The deciduous dentition, therefore^ of a diphyodont Mammal 
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consists of only three kinds of teeth^ incisors, canines, and 
molars. The incisor and canine teeth of the deciduous set are 
replaced by the teeth which bear the same names in Uie per- 
manent set The deciduous molars/' however, are replaced 
by the permanent ^ pracmolars," and ike *' molars" of tlie per- 
manent set of teeth are not represented in the deciduous 
series, only existing once, and not being replaced by suc- 
cessors. 




Fig. x8s.-»Teedi of the right side of the lower jaw of the Chimpaiuee (after Owta)^ 
tlndaon; ^Gaiune teeth :>j»FEaBiiiolais; iwMolan. 



All these four kinds of teeth are not necessarily present 
in all Mammals, and, as will be afterwards seen, the characters 
of the teeth are amongst the most important of the distinc- 
tions by which the Mammalian orders are separated fiom one 
another. The variations which exist in the number of teeth 
in different Mammals are usually expressed by a ''dentid 
formula,'' which presents the dentition" of both jaws in a 
condensed and easily-recognised form. 

According to Owen, the typical permanent dentition of a 
diphyodont Mammal would be expressed by the following 
formula : — 

3-3* ^i-i' ^4-4'*' 3-3^ 

The four kinds of teeth are indicated in such a formula by the 
letters — incisors /, canines c, praemolars molars m. The 
numbers in the upper line indicate the teeth in the upper 
jaw, those in the lower line stand for those in the lower jaw ; 
and the number of teeth on each side of the jaw is indicated 
by the short dashes between the figures. 
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As regards the digestive system of ihc Mammalia^ salivary- 
glands are present in all except the true Cetacea, The alimen- 
tary canal has in most cases essentially the same structure as in 
man ; and the same accessory glands are present — namely, the 
liver and pancreas. Some veiy remarkable modiiications occur 
in the structure of the stomach and in the tennination of the 
intestine ; but these inli be noticed in speaking of the orders 
in which they occur. The cavity of the abdomen is always 
separated from that of the thoras by a complete muscular 
paxtition — the diaphragnwas is the case in no other Vertebrate 
animals. The abdomen contiuns the greater portion of the 
alimentary canal, the liver, spleen, pancreas, kidneys, and Other 
organs. The thorax mainly holds the lieart and lungs. 

The heart is contained in a serous bag, the pericardium, and 
consists (as \\\ Birds) of two auricles and two ventricles. The 
effete and deoxygenated blood is returned from the tissues by 
the veins, and is conducted by the two vense cavai to the right 
side of the heart into the right auricle. From the right auricle 
it passes into the right ventiicle, whence it is propelled through 
the puhnonaiy arte^ to the lui^. Haviiij^ been submitted to 
the action of the air, the blood, now artenalised, is canied by 
the pulmonary veins to the left auricle, and thence into the left 
ventricle. From the left ventricle the aerated blood is driven 
through the aorta and systemic vessels to all parts of the 
body. In Mammals, therefore, as in Birds, the pulmonary 
and systemic circulations are altogether distinct and separate 
from one another. The two sides of the heart — except in the 
fcetus and as an abnormality in adults — have no commimica- 
tion with one another except by means of the capillaries. 

The led blood-corpuscles are never nucleated, and in all 
except the Camdida (in which they are oval) they are circular 
and discoid 

The lungs of Mammals differ from those of Burds in being 
freely suspended in the thoracic cavity, the greater part of 
which they fill, and in being enclosed freely in a serous sac , 
(pleura) which envelops each lung. The lungs are minutely 
cellular throughout, and the bronchi never open on the sur- « 
face of the lung into a series of air receptacles communicating 
with one another, and placed in different parts of the body, as 
is the case in Birds. 

There is no '* inferior larynx" in any Mammal, and the upper 
aperture of the true larynx is always protected by an epiglottis. 

The kidneys in Mammals are situated in the lumbar region, 
and exhibit a division <^ tfaek substance into cortical and me- 
dullary portions. 

VOL. II. 2 H 
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There are two ovaries in all Mammals, and the oviducts are 
■known as the Fallopian tubes." Each oviduct dilates on itA 
way to the surface into a uterine cavity^ which opens into the 

vagina. In the Monotremes and Marsupials this primitive 
condition is retained throughout life, the uterus remainin 2^ double, 
and opening by two apertures into the cloaca or vagina. In 
most cases this condition is so far modified in the adult, that 
the two uteri have coalesced inferiorly, so as to have only a 
single opening into the vagina, whilst they separate into two 
horns or " comua" superiorly. Only in the Monkeys and in 
'Man have the two uteri completely coalesced to form a com- 
'pletely single cavity, into the '* fundus*' of which the Fallopian 
tubes open. In male Mammals there axe always two testes 
present. In many Mammals the testes are permanently 
retained in the abdominal cavity and there is no scrotum. 
This is the case in the Monotremes, the Elephants, all the 
Cefacfa, and many of the Edentata. Mostly, however, the 
testes at an early period of life are transferred from the ab- 
domen to a pouch of integument called the " scrotum." 
•Usually the scrotum is placed beneath the pubic arch and 
behind the penis, but this position is reversed in the Marsupials. 

Mammary glands are present in all Mammals, and they are 
regarded by Huxley as an extreme modification of the cutane- 
ous sebaceous glands. In the male Mammals the mammary 
glands are present^ but, under all ordinary circumstances, they 
remain functionally useless and undeveloped. Considerable 
differences obtain as to the number and position of the mam- 
mary glands in different cases ; but they are always placed on 
the inferior surface of the body, and their ducts in the great 
majority of cases open collectively upon a common elevation 
"—-the " teat " or " nipple." In the Monotreniata^ however, 
there are no nipples, the ducts of the mammary glands open- 
ing either into a pouch of the integument (Echidna) or upon a 
flat surface {Ornilhorhynchus). 

The young Mammal is nourished for a longer or shorter 
time by the milk secreted by the mammary glands of the 
mother. In oidmary cases the milk is obtained by voluntary 
suction on the part dl the young animal ; but in the Marsupials 
the young are at first unable to suck for themselves, and the 
milk is forced out of the gland by the contractions of a special 
muscle. 

The ner\'ous system of Mammals is chiefly remarkable for 
the great proportionate development of the cerebral mass as 
compared with the size of the spinal cord. In the higher 
Mammals, again, the hemispheres of the cerebrum are much 
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more laxgely developed proportionately than the remaining 
parts of the brain. The brain of the Mammals is chiefly 
distinguished from that of the lower Vertebrata by the fact that 
the two hemispheres of the cerebellum are united by a transverse 
commissure — the pons Varolii — and the hemispheres of the 
brain are connected by a great commissure — the corpus cal- 
losum — which is. however, of small size in the \q\s^x Mammalia. 

The senses, as a rule, attain great perkcUon in the Mam- 
mals ; and the only sense which appears to be ever entirely 
wanting is that of vision. In one of the most familiar instances 
of this last-mentioned fixt^namely, in the Mole — it has 
recentiy been shown that it is dhly in the adult that vision is 
lost, but that the organs of sight are well developed in the 
young. The sclerotic coat of the eye is never supported by a 
ring of bony plates as in Birds and many Reptiles. As a rule, 
in addition to the upper and lower eyelids there is a third 
perpendicular lid — the membrana niditans — but this is wanting 
or quite rudimentary in Man and in the Monkeys. 

An external ear or concha for collecting the vibrations of 
sound is usually present, but is wanting in the Cetacea^ many of 
the Seals, and in some other cases. 

• The integument is furnished over a greater or less portion 
of its surface with the epidermic appendages known as 
hairs." These are developed, much as feathers are, upon 
Httle eminences or papillae of the derma, but they do not split 
up in the process of development as feathers da In the 
Amis or Scaly Ant-eater the epidermic appendages are in the 
form of homy scales, and not uncommonly they are developed 
into long spines, as in the Echidna, Porcupine, and Hedgehog. 
In the Armadillos, again, the integument has the power of 
developing plates of bone over a greater or less extent of its 
surface. The only apparent exception to the universal presence 
of hairs in some part or other of the skin of all Mammals is 
constituted by the Cetacea^ some of which are without hairs in 
the adult state. Some, however, of these (such as the Whales) 
possess a few bristies in the neighbourhood of the mouth even 
when fully grown. And the Dolphins^ which are totally hair- 
less when adull^ exhibit tufts of hair on tiie muzzle m the 
fioetal state. 
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CHAPTER LXXIIL 

CLASSIFICATION OF THE MAAIMALIA. 

* 

Numerous classifications of the Mammalia have been pro- 
posedy and it is a matter of regret that no one has been 
universally accepted by Zoologists. Here, it will be sufficient 
to describe briery the three leading systems upon which the 
Mammalia have been divided into sub-classes ; whilst the first 
will be adopted as sufficient for all practical purposes. 

L By many writers the class Mammalia is divided into two 
great primary divisions, the Placmtalia or Placental Mammals, 
and the Iniplacentalia or Non-placental Mammals, according 
as the structure known as the "placenta" is present or absent. 
The placenta, as before said, is a vascular organ developed in 
the greater number of Mammals, by means of which the blood of 
the foetus is brought into relation with the blood of the mother. 
The sub-dass Flacmtaliay in which such a vascular connection 
between the mother and foetus exists, comprises by &r the 
laigest number of the Mammals. The sub-dass Implacmtalia^ 
in which no such vascular connection exists, comprises only 
the two orders of the Monoirtmala and the Marsuptalia, 

II. By Professor Owen the Mammalia are divided into four 
sub-classes, characterised by the structure of the brain, as 

follows • 

a. Lymcephala, characterised by the fact that the cerebral 
hemispheres are without folds, and leave the cerebellum, the 
olfactory lobes, and part of the optic lobes uncovered. The 
hemispheres are not connected together by a corpus callosum. 
(Alonotremald and Marsupialta.) 

h lAssentephcUay characterised by the fact that the cerebral 
hemispheres are smooth or are provided with few folds, and 
leave the cerebellum and part of the olfactory lobes exposed* 
A corpus callosum is present (ChdropUra^InsecHwira^ItodmHa^ 
Mdentata,) 

c. Gyrme^hala^ characterised by the &ct that the hemispheres 
of the cerebrum cover the greater part of the cerebellum and 

the olfactory lobes. A corpus callosum is present, and the 
surface of the cerebral hemispheres is thrown into numerous 
convolutions. {Cetacea^ Camivora^ Sirmia^ Frobosddca^ UngU" 
lata, Quadrumana.) 

d. Archtmephala, characterised by the fact that the cerebral 
hemispheres now completely overlap the cercbeUuiii and olfac- 
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tOTy lobes ; the number of convolutions attains its maximum; 
and there is a corpus ca.llosum. (Man.) 

This is the primary classification of the Mammalia put forth 
by Owen, and there can be no question but that in many 
respects it exfnresses sabstantml and importsnt differences. It 
will not be adopted here^ partly because it is somewhat difficult 
to follow or to apply in pcactice» and partly because some of 
the characters upon which it is founded are denied by other 
eminent naturalists. Thus, in the definition of the sub-class 
Lyenc^hala it is stated as one of the essential characters that 
there is no corpus callosum or commissure behveen the hemi- 
spheres of the cerebrum. On the other hand, it is asserted 
by Flower and Huxley that a corpus callosum does exist in 
these animals, though it never attains to any high degree 
of development. 

III. It was proposed by De BlainviUe, and the arrangement 
has been accepted by Huxley and Rolleston, to divide the 
MammB^ into the following three sub-classes, founded upon 
the nature of the reproductive oigans: — 

a, Ormihcddfhia^ characteiised by the fact that the uterine 
enlargements of the oviducts do not coalesce even in their 
inferior portion to form a common uterine cavity, but open 
separately as in the Birds and Reptiles. Furthermore, the two 
uteri open, not into a distinct vagina, but into a cloacal ca\ity, 
into which the rectum and ureters also discharge themselves j 
so that the condition of parts is very much the same as it is 
in Birds. 

This (hvision includes only the Duck mole {Ornithorhynchus) 
and the Porcupine Ant-eater {Echidtia)^ forming coliectively 
the single order of the Monotremata, 

b, Diddfkia^ characterised the &ct that the uterine 
dilatations of die oviducts contmue distinct throughout life, 
openin|f into two distinct vaginie, which in turn open into a 
urogenital canal, which is distinct from the rectum, though 
embraced by the same sphincter muscle. 

This sub-class contains the Marsupialiay such as the Kan- 
garoos, Opossnms, Wombats, &c.j most of which are almost 
entirely contnied to Australia. They have many other char- 
acters in common, which will be spoken of hereafter. 

III. Monoddphia^ characterised by the fact that the uterine 
enlargements of the oviducts coalesce to a greater or less 
extent to form a single uterine cavity, which, however, generally 
shows its true composition by being divided superiorly into 
two comua. The uterus opens again into a single vagina, 
which is always distinct from the icctunu This sub^ass 
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corresponds with the division of the "Placental" Mammals, 
and includes all the Mammalia except the Munotremes and 
Marsupials. 

Before going on to consider the different orders of ^^Mam- 
maUa in detail, it may be as well very briefly to run over the 
leading characters by which the various orders, are distinguished : 

Order L Mmotremata^ characterised by the iact that the 
ureters and ducts of the reproductive organs open into a com- 
mon urogenital canal, which in turn opens, along with the 
rectum, into a " cloaca." The testes are abdominal, and are 
not lodged in a scrotum. The mammary glands have no 
nipples. The young is devoid of a placenta, but the female 
possesses no marsupial pouch, thoup^h the pelvis is furnished 
with " marsupial bones." In this order are only the Duck* 
mole and the Echidna, 

Order II. MarsupiaUa, characterised by the fact that the 
uterine dilatations of the oviducts open with the ureters into a 
urogenital canal, which is distinct from the rectum, though 
embraced by the same sphincter musde. The testes are not 
abdominal, but are lodged in a scrotum which is suspended 
by a narrow neck in front of the penis. The femides are 
mostly furnished with a marsupial pouch, in which the young 
are carried for some period after birth. The young are not 
provided with a placenta, and arc born in a very imperfect 
state of development. Marsupial l)ones are present In this 
order are the Kangaroos, Opossums, Wombats, &c 

Order III. Edentata or Bruia^ characterised by the univer- 
sal absence of tlie median incisors, and the general absence 
of aU the incisors. The canines are usually wanting as well, 
and sometimes there are no molars either. There is only one 
set of teeth, and the teeth have neither complete roots nor are 
furnished with a covering of enamel The toes are always 
furnished with claws. Placenta sometimes deciduate, some- 
times non-deciduate. As examples of this order may be taken 
the Sloths, Armadillos, and the great Ant-eater. 

Ordrr IV. Sirenia, comprising the Dngongs and Manatee, 
characterised by being adapted to an aquatic life. Body fish- 
like, with a strong horizontal tail-fin. There is no sacrum, 
and the hind-limbs are invariably wanting, whilst the fore- 
limbs are converted into swimrning-paddles. There are, in 
the living forms, at any rate, two sets of teeth, and the molars 
have flattened crowns adapted for a vegetable diet There are 
two nostrils, and these are placed at the upper part of the 
snout There are two manomfle, and these are placed on the 
chest, and not on the abdomen. 
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Order V. Cetaceay comprising the true Whales and Dolphins, 
rliaracteristd by being aquatic Mammals, with a horizontal 
taii-iin, no sacrum nor hind-lnnbs, and fore-limbs in the form of 
swimming-paddles. The nostrils are single or double, and are 
placed on the top of the head. The mammary glands are two 
m number, and are placed in the region of the groin. There 
is never more than one set of tee&, and in many cases tibe 
adult is destitute of teedi altogether. Placenta non-decidaate, 
. Order VI, Ungulaia or Hoofed Quadruptds,^ comprising the 
whole of the Ruminants, the Horses, and most of the old 
group of the Pach)'dermatoiis Mammals. This order is split 
up into many important sections, and, as a whole, it is simply 
characterised by the fact that there are never more than four 
full-sized toes to each limb, and that the extremities of the 
toes are furnished with expanded nails, constituting hoofs. 
There are no clavicles. Placenta non-deciduate. 

Order VII, Hyracoidea^ comprising only the single genus 
Hyrax^ characterised by having no canines, but by having long 
curved incisors, which grow from pennanent pulps, as in the 
Rodents. There are no davides. The front-feet have four 
toes, and the hind-feet three. The placenta is deciduate and 
zonaiy. 

Order VIIL Proboscidea, comprising no other living Mam- 
mal except the Elephant, characterised by having no canines, 
but only molars and incisors, of wliich the latter grow from 
pennanent pulps, and constitute defensive tusks. There are 
no clavicles. The feet are five-toed. The nose is prolonged 
into a proboscis. The mammae are two in number. The 
placenta is deciduate and zonary. 

Order IX, Camivora^ comprising all the well-known beasts 
of prey, such as Lions, Tigers, Dogs, Cats, &c., together with 
tiie aquatic Seab and Walruses* Tliey are all characterised by 
always possessing the three different kinds of teeth — indsors- 
canines, and molars-^the canines being usually of great length, 
and a greater or less number of the molars having sharp cut, 
ting edges. The clavicles are always rudimentary, the teats 
are abdominal, and the placenta is deciduate and zonary. 

Order X, Rodentia, comprising the Beavers, Rats, Mice, 
Hares, Rabbits, Squirrels, and others, characterised by the 
absence of canines and the possession of no more than two 
incisors in the lower jaw, and usually no more than two in the 
upper jaw. The incisors are greatly developed, growing from 
permanent pulps, and continuing to grow during the life of the 
animal Placenta dedduate and discoidal 

Order XI. OmrafUra^ comprising only tiie vanous Bats, 
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and characterised by the fact that the four outer or ulnar 
fingers are greatly developed and elongated, and are united 
togetlier by a leathery flying-membrane or " patagium," which 
is continued from the hand and ann to the side of the body 
and hind-limb. By means of this patagium the Bats possess 
the power of flight Ckvides are always present The teeth 
vary a good deal, but there are always canmes. The pkcenta 
is deciduate and discoidaL 

Order XII, InstcUvora^ comprising the Moles, Shrew-mice, 
and Hedgehogs, characterised by having the crowns of the 
molar teeth furnished with sharp and pointed cusps. Well- 
developed clavicles are present in almost all cases. The pla- 
centa IS deciduate and discoidaL 

Order XIII. Quadrumana, comprising the Lemurs, Apes, 
and Ivlonkeys. Dentition usually the same as in man, or with 
an additional pia^molai on each side of each jaw, or varying a 
good deal in the lower forms. The series of teeth is uneven 
and intenrupted The inneimost digit of the fore-limb (JaUex) 
is opposable to the other fingers when present, but it may be 
wanting. The hallux is also opposable to tiie other toes of the 
hind-limb, 80 that the hind-feet constitute prdiensile hands. 
Clavicles are always present The placenta is deciduate and 
discoidal. 

Order XI V. Bimana. — ^This order includes Man alone. The 
dental formula is-* 

• 2 — 2 I — I . 2 — 2 'K — X 
2—2* I— I 2—2 3r-3 

The teeth are nearly even, and are not intermpted by any 
interval (diastema). The poUex or thumb on the fore-limb is 
opposable to tiie other digits, but this is not the case wilh the 
hallux or great-toe^ The attitude of the body in progression 
is habituaUy erect The placenta is deciduate and discoidal* 



Digitized by 



MONOTREMATA. 



4S9 



NON'PLACENTAL MAMMALS: 



CHAPTER LXXIV. 

MONOTREMATA AND MARSUPJAUA. 

Order I. Munoiremata, — The first and lowest order of the 
Mammalia is that of the Monotremata^ constituting by itself 
the division OmUhoddphiaf and containing only two genera, 
borith belonging to Australia — namely, Ae Duck-mole {yrmUuh 
rhynchus) and the Porcupine Ant-eater (Echidna), 

The order is distinguished by the following characters : — 
The intestine opens into a ^'doaca," which receives also the 
products of the urinary and generative organs, which discharge 
themselves into a urogenital canal, the condition of parts 
being very much the same as in Birds. The jaws are either 
wholly destitute of teeth {Echidna), or are furnished with horny 
plates which act as teeth. The pectoral arch has some highly 
bird-like characters, the most important of these being the 
extension ^of tiie coracoid bones to the anterior end ut the 
Sternum. The females possess no marsupial pouch, but the 
pelvis is furnished with the so-called ''marsupial bones,'* be- 
lieved to be ossifications of the internal tendon of Uie escteraal 
oblique musde of the abdomen. The testes of the male are 
abdominal thious^ut life^ and there is therefore no scrotum, 
whilst the vasa (kferentia op>en into the cloaca. The corpus 
callosum is very small, and has been asserted to be altogether 
wanting. There are no external ears. The mammary glands 
have no nipples, and their ducts open either into a kind of 
integumentary pouch {Echidna) or simply on a flat surface 
( OrnU ho rhynchus). The yonng are said to be destitute of a 
placenta, or, in other words, no vascular connection is estab- 
lished between the foetus and the mother. The feet have five 
toes each, aimed with daws, and the males cany perforated 
spun on the beck of the tarsus (attached to a supi^ementaiy 
taiaal4>one). 

The order Mondrmata includes only the two genera Orm^ 
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thorhynchus and Echidna — the one represented by a single 
species {O. paradoxus)^ and the other by two species {E. 
hystrix and E. seiosa). All are exclusively confined to Aus- 
tralia and Tasmania. 

The OmUhorhynchtts or Dack-mole u one of the most ex- 
traordinaiy of Mammals. The body (% i86) resembles that 
of a mole or small otter, and is covered with a close, shorty 
brown fur. The tail is broad and flattened. The jaws are 
produced to form a beak just like that of a duck in appearance; 
hence the name of " Duck-billed animal/' often applied to it 
The margins of the jaw are sheathed with horn, and furnished 
with transverse homy plates ; but there are no teeth. The 
nostrils are placed at the apex of the upper mandible. The 
legs are short, and the feet have five >toes each, furnished with 




Fig» z86.—OmitJiarijniek$u / amd a x ut. 



strong claws, which enable the animal to burrow with facility. 
The toes are also united by a membrane or web, so that fl^ 
animal swims with great ease; The Omitliorhynchus is ezdu- 
siyely found in Australia and Tasmaoiay and inhabits streams 
and ponds. Its food consists chiefly, if not exdusivdy, of 
insects, and the animal makes very extensive bunows (m the 
banks of the rivers which it frequents. The young are bom 
quite blind, and nearly naked, and the method in which they 
obtain milk from the mother is somewhat obscure, as there are 
no nipples, nor is there any marsupial pouch. It is certain, 
however, that the beak of the young animal is extremely diflfer- 
ent from what it is in the adult condition. 

The genus Echidna is represented by two species, E. hystrix 
and E, sdasa^ both belonging to the Australian province. The 
Ediidna hystrix is the beit-known species, and in some exter- 
nal respects is not unlike a laige hedgehog, having the back- 
covered with strong spines, interepersed wi& a general coating: 
of bdstly hairs. The snout has not the form of a duck's bil^ 
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as in the OniithorhynchuSy but the two mandibles are greatly 
elongated, and are enclosed in a continuous skin till close 
upon their extremities, where there is a small aperture for the 
protrusioii of a very long and llexible tongue, l iie jaws are 
wholly devoid of teeth or anything in the place of teeth; and 
the nostrils are placed at the extremity of the cylindrical snout 
The feet have five toes each, furnished with strong curved 
digging-claws, but the toes are not webbed. The Echidna 
measures from fifteen to eighteen inches in length, and is a 
nocturnal animal It lives in burrows, and feeds upon insects, 
which it catches by protruding its long and sticky tongue. 

Order II. Marsupialia. — The order Marsupialia consti- 
tutes by itself the sub-class Didelphia, and forms with the 
Monotremata the division of the Non-placental Mammals. 
With the single exception of the genus DiddphySy which is 
American, all the Marsupialia belong to the Melanesian pro- 
vince ; that is to say, they all belong to Australia, Van Diemen's 
Land, New Guinea, and some of the neighbouring islands. 

The following are the characters which distinguish the 
order : — 

• The skull is composed of distinct cranial bones united by 

sutures, and they all possess true teeth ; whilst the angle of 
the lower jaw is almost always inflected. The pectoral aich 
has the same form as in the higher Mammals, and the cora- 
coid no longer reaches the anterior end of the sternum. All 
possess the so-called " marsupial bones," attached to the brim 
of the pelvis. The corpus callosum is very small, and has 
been asserted to be absent. The young Marsupials are bom 
in a very imperfect condition, of very small size, and at a 
stage when their development has proceeded to a very limited 
degree only. ^ It is belied that thm is no placenta vas- 
cular communication between the mother and foetus, parturition 
taking place before any necessity arises for such an anange- 
ment. As the young are born m such an impeifect state of 
development, special arrangements are required to secure their 
existence. When bom, they are therefore, in the great ma- 
jority of cases, transferred by the mother to a peculiar pouch 
formed by a folding of the inte[^iment of the abdomen. This 
pouch is known as the marsupiiim,"' aT\d gives the name to 
the order. Within the marsupium are contained the nipples, 
which are of great length. Being for some time after their 
birth extremely feeble, and unable to perform the act of suc- 
tion, the young within the pouch are nourished involuntarily, 
the mammary glands being provided with special musdes 

wfakdi force tfal milk into thTmcmths of tfaeV^ Ata 
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later stage the young can suckle by their own exertions, and 
they leave the pouch and return to it at will. In a few forms 
there is no complete marsupium as above described ; but the 
structure of the nipples is the same, and the young are carried 
about by the mother, adhering to the lengthy teats. 

The so-called "marsupial bones'* (fig. 187) doubtless senre 
to support the marsupial pouch and its contained young, but 

this cannot be their sole function^ 
since they occur in the MonotremeSy 
in which there is no pouch. 

The oviducts open into vaginal 
tubes which open into a urogenital 
canal; but this does not open into 
a " cloaca," though embraced by a 
sphincter muscle common to it and 
to the rectum. The testes are not 
abdominal throughout life as in the 
Monotremes, but are lodged in a 
scrotum. This, however, is placed in 
front of the penis, and not beneath 
the pubic arch as in most Mammals. • 
From this unusual position of the 
scrotum, it is regarded by Owen as 
being the same structure as the mar- 
supial pouch of the female, turned 
inside out. Though they form an 
extremely natural order, sharply sep- 
arated from all the rest of the Mam- 
mals, the Marsupials form a large and 
varied group. In fact this order, from 
bdng the almost exclusive possessor of a continent as large 
as Australia, has to dischai;^ in the economy of nature func> 
tions which are dsewhere discharged by several orders. 

The MarsufiiaSa are divided by Owen into the followmg 
sections : — 

a. Rhizophaga, — In this section is the well-known Australian 
animal, the Wombat {Phascolomys fossor\ often called by the 
colonists the ''badger." The Wombat is a stout, heavy 
animal, which attains a length of from two to three feet. The 
legs are very short and stout, and the animal burrows with 
ease by means of strong curved digging-claws, with which the 
fore-feet are furnished. The tail in the Wombat is quite 
rudimentary, and the whole body is clothed with a brown 
woolly hair. In its dentition die Wombat presents a curious 
resemblance to the herbivorous iU)dents. There are two 




Fig. 187. — One side of the pelvis 
of a Kangaroo, showing the 
" marsupial bonet" 0>*j^ 
after Owen. 
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incisors in each jaw, and these are long and rootless, showing 
from permanent pulps. There are no canines, so that the 
incisors and prsemolars are separated by a considerable space. 
The dental formula is — 

. I — I o — o . I — I 4—4 

I \ c — ; pm ; tn - — ~ = 24. 

I— I ' 0—0 ' ^ I — I 4—4 ^ 

The pisemolais and molais agree witih the incisors in growing 
from pennanent palps, in which respect tibie Wombat di£fers 
from all the other Marsupials, and agrees with the herbivorous 
Kodents, with those Edentata which have teeth, and with the 
extinct Toxodon, — (Owen.) 

The Wombat is a noctuinal animal, and feeds chiefly upon 
roots and o:rass. 

h. PocpJiaga. — In this section are the Kangaroos {Macrnpa- 
didce) and the Kangaroo-rats or Potoroos {Hypsiprymnus), all 
strictly phytophagous. The Kangaroos are distinguished by 
the disproportionate length of the hind-limbs and dispropor- 
tionate development of the posterior portion of the body as 
compared m&i the fore-limbs and fore part of the body. The 
hind-legs are exceedingly long and strong, and the feet are 
much elongated — ^the whole sole being applied to the ground. 
The hind-feet have four toes each, of which the central one 
is by fai the largest, and the two inner toes are v^ry small, 
and are united by a common integument The tail is also 
extremely long and strong, and by the assistance of this organ 
and the powerful hind-limbs the Kangaroos are enabled to 
effect extraordinarily long and continuous leaps. In fact, leap- 
ing is the ordinary mode of progression in the typical Kan- 
garoos; and ^\'h^ll walking upon all fours their locomotion 
is slow and ungraceful. The anterior extrerinty of the body is 
very diminutive as compared with the posterior, and the fore- 
limbs are quite small, but have five welldeveloped toes aimed 
with strong nails. The head is small, with large ears, and the 
dental formula is — 

■ 3—3 o — o . , I — r 4—4 

There are therefore six upper incisors, two lower incisors, 
and no funr tiDnal canines (though nidimentary upper canines 
are present in the young of some of the Kangaroos, at any 
rate). The stomach is complex, and sacculated. The Kan- 
garoos are all herbivorous, and mostly live, either scattered or 
gregariously, on the great grassy plains of Australia. The 
Tree-kangaroos,'^ however (constituting the genus Dendro- 



Diyiiizeo by Google 



494 MANUAL OF ZOOLOGY. 

la(^^s) live mostly in trees, and in adaptation to this mode of 
life the fore-legs are nearly as long and strong as the hind4^gs* 
They are natives of New Guinea. 

The Kancraroo-rats {Hypsiprymnus) differ from the true Kan- 
garoos chiefty in their smaller size, and in the presence of well- 
developed upper canines (fig. i88, B). They are diminutive 
nocturnal animals, and they live mostly upon roots. 

A Carpophaga. — Intennc«Uate between theKangaroosand the 
typical members of the present section (the Phalangers) is the 
Pnascoktrtto^ — the " native sloth " or "bear of the Australian 
colonists and the "koala" of the natives. This carious animal 
is about two feet in length, having a stout body, covered v. ith 
a dense bluish-grey fur. The tail is wanting; and the feet 
are furnished with strong curved claws, which enable the 
animal to pass the greater part of its existence in trees. In 



J 




Fig. 188.— A. Dentiiion of a Carnivorous Marsupial {Thyiacinus), showing the long 
and pointed canines and the trenchant molars and pnemolats. Denution of a 
herbivorous Mar&upiai {Hy^iprvmnui^ showing the fUt-cvoiraed molan. (After 
Owen.) c Canine teeth ; • i lodsoti. 

this it is greatly assisted by the fact that all the feet are pre- 
hensile, the hallUwX being opposable, and the digits of the fore- 
limb divided into two sets, the thumb and index-finger being 
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opposable to the other fingers. The koala is a slow animal 
which feeds on the foliage of the trees in which it spends its 
existence. 

The typical group of the Carpophagous Marsupials is that of 
ihe Phalangistidm or Phalangers, so called because the second 
and third digits of the hind-feet are joined together almost to 
their extremities. The family includes a number oi small 
Marsupials, fitted for an arboreal existence, to which end the 
hallux is opposable and nail-less, whilst the four remaining to68 
of die hind-feet have long curved daws. The tail, too, is 
generally veiy long, and its tip is usually prehensile. The 
Phalangers are all small nocturnal animals which live upon 
fruits and other vegetable food. The best known of them is 
the Australian Opossum i^Phalangista vulpina). which must not 
he confounded with the true or American Opossums, which 
belong to another section of the Marsupialia. The Phalangers, 
namely, are distinguished from the Opossums properly so 
called, amongst other characters, by their dentition, the 
canine teeth being always very small and functionally use- 
less in the lower jaw, and sometimes in the upper jaw as 
well. The Phalangista vulpina is nocturnal and arboreal in 
its habits, and its flesh is esteemed a great delicacy by the 
native Australians, with whom opossum-hunting is a favourite 
pursuit. » 

The flying Phalangers or PdauH are closely allied to the 
true Phalangers, but differ in not having a prehensile tail, and 
in having; a fold of skin extending on each side between the 
sides of the body and the fore and hind limbs. By tlic help 
of these lateral membranes the Petauri can take extensive leaps 
from tree to tree ; but though called " flying" Phalangers, they 
have no power of flight properly so called. They are beautiful 
little animals, nocturnal m their habits, and having the body 
clothed with a soft and delicate fur. 

d, EfiioffwpkagiL — In this section the jaws are always 
furnished widi canine teeth, but these are not of very laige 
sise, and the animals composing the section are therefore not 
highly predacious, but "prey, for the most part, on the smaller 
and weaker classes of invertebrate animals." In this section 
are the Bandicoots (PeramelidcR), the American Opossums 
(Dide/pkid^E), and the Banded Ant-eater [Myrmecohius). 

The "Rondicoots {PeramelidcB) are small Australian animals, 
which appear to fill the place of the Ilcdgcliogs, Shrew-mice, 
and other small Insectivora of the Old World. The hind- 
limbs in the Bandicoots are considerably longer than the fore- 
limbs, aiid their progression is therefore by a series oi bounds. 
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The fore-limbs have really five toes each, but only the central 
three of these are well developed, the outermost and innermost 
digits being nidmientary. The three functional toes are armed 
with lung iitiong claws, with which the Bandicoots burrow with 
great ease. 'Ae tnaisapial pouch — and this is a singular 
point — opensy in s<»ne species at any rate, backwards instead 
of forwanis. la tibe nearly-allied genos Charopus^ also from 
Australia, it appears that the two outer toes of Ae fore-feet are 
entirely absent. 

The second family of this section — namely, the true Opos- 
sums or Diddphida — is remarkable in being the only group of 
the whole order which occurs out of the Australian province. 
The Didelphidm, namely, are exclusively found in North 
and South America, where they are known as Opossums." 
A considerable number of species are known, but they are 
mostly of small size, the largest measuring not more than from 
two to three feet, inclusive of the tail The Virginian Opos- 
sum {Diddphys Ftrgimana) is the only member of the family 
which is found in North America, and it was the earliest Mar- 
supial known to science. Most of the Opossums are carmvor> 
ous, feeding upon small quadrupeds and birds, but they also 
eat insects, and sometimes even fruit One species {Diddphys 
eancrivord) lives chiefly upon Crabs ; and the Yapock (Cheiro- 
nectes) has webbed feet, nnd appears to lead a semi-aquatic life. 
All the DidilpJudu' have the hallux nail-less and opposable to 
the other toes, so as to convert the hind-feet into prehensile 
hands, and' all have a more or less perfectly prehensile tail, 
these being adaptations to an arboreal life. The marsupial 
pouch is sometimes not present in a complete form, but is 
merely represented by cutaneous folds of the abdomen con- 
cealing the nipples. In the Diddphys dorsigera^ in which this 
peculiarity obtams, the young soon leave the nipples, and are 
then carried about on the back of the mother, to whom they 
cling by twining their prehensile tails round hers. The dentition 
of ti^e Opossums is remarkable for the great number of the 
incisor teeth, the dental formula being — 

4—4 I— i*-^ 3-^3 4—4 ^ 

I'lie Eandcd Ant-eater {Mynnecobius fasciatus) is a small but 
extremely elegant little animal, which inhabits Western and 
Southern Australia, and lives upon insects (% 189). The tail 
is bush)r, and differs from that of the Diddphidm in not being 
prehensile. The fore-feet have five toes armed witib daws ; the 
hmd-feet have only four toes. The Myrmsesbius is remarkable 
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for the extraordinary number of molar teeth, in which it exceeds 
any existing Marsupial, and is only surpassed by some of the 
Armadillos. The dental formula is— 




Fig. 189. MjrmtnUiufKKimiui, 



forms, which fill the place held elsewhere by the true Camivora. 
They are distinguished by the fact that the intestine is destitute 
of a caecum, and by their strictly carnivorous dentition, tibe 
canines being strong, long, and pointed, whilst die molars and 
pisemolars have cutting edges furnished with three cusps (fig. 
188, A)i The best-known species of this section are the Thy- 
lacinus cynocepkalus and the Dasyurus ursinus. The former of 
these is the largest of the rapacious Marsupials, being about as 
big as a shepherd's dog. It is a native of Van Diemen's Land, 
and is known to the colonists as the ** hyaena," Its head is 
very large, and the back exhibits several transverse black 
bands. It lives in caverns and amongst the rocks in the 
wildest parts of the colony, and its numbers have been very 
much reduced by the constant war waged upon it by the 
settlers. The Dasyurus ursifius is also a native of Van 
Diemen's Land, where it is known as the native deviL" 
Thoi^h smaller than the Thyladne, the Dasyurus is extremely 
ferocious, and is ciq»ble of committing great havoc amoiigst 
animals even as large as sheep. 

VOL. IL a t 
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PLACENTAL MAMMALS. 



CHAPTER LXXV. 

EDENTATA. 

Order III. Edentata, or Bruta. — The lowest order of the 
placental or monodelphous Mammals is that of the Edtntata^ 
often known by the name of Bruta. 1 he name Edentata is 
certainly not an altogether appropriate one, since it is only in 
two genera in the <»der that there are absolutely no teeth. 
Hie remaining members of the order have teetii^ but these are 
always destitute of true enamel, are never displaced by a 
second set, and have no complete roots. Furdier, in none of 
the Edmtaia are there any median incisofS, and in only one 
species (one of the Armadillos) are there any incisor teeth at 
all. Canine teeth, too, are almost invariably wanting. Clav- 
icles are usually present, but are absent in the Scaly Ant- 
eater or Manis. All the toes are furnished with long and 
powerful claws. The mammary glands are usually pectoral, 
but are sometimes abdominal in position. The testes are ab- 
dominal in position. 'I hc skin is often covered with bony 
■plates CMT homy scale& 

The order Eimtata is conveniently divided into two great 
sections, in accordance with the nature <^ die food, the one 
section being phytophagous, the other insectivorous. In the 
former section is the single group onT die Sloths {Bradyfcdidm), 
In the latter are the two groups of the Armadillos (Dasyfodidat\ 
and the vanous species of Ant-eateis (the latter constituting 
Owen's group of the Edmtula), 

The order Edentata is but sparingly represented in modem 
times, and its geographical distribution is peculiar. The true 
Ant-eaters, the Armadillos and the Sloths, are entirely confined 
to South America, in which country a group of gigantic extinct 
Edentates existed in Post-tertiary times. The Scaly Ant-eater 
or MrnHs is common to Asia and Africa, and the genus CV^^- 
is fNeculiar to South Africa. 

The family j9ra^/^^<«/«i& comprises some exceedingly curious 
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animals which are exclusively confined to South America, in- 
habiting the vast primaeval forests of that continent. The Sloths 
have a remarkably short and rounded face, and the body is cov- 
ered with hair. The incisor teeth are altogether wan ting, but there 
are always simple molars, and in the Two-toed Sloth or Unau the 
Jrst tooth in each jaw <m each side is so mudi larger than the 
.others, and so much more pointed, that it has been legatded 
as a canine. The stomach is complexi somewhat resembling 
that of the Ruminants. The cervical vertebra are generally 
regarded as being more than the normal seven in number in the 
Two-toed Sloth, and the long bones have no medullary cavi- 
ties. The most striking peculiarities, however, about the 
Sloths are connected with their peculiar mode of life. The 
Sloths, in fact, are constructed to pass their life suspended 
from the under surface of the branches of the trees amongst 
which they Hve ; and for this end their organisation is singularly 
adapted. The fore-limbs are much longer than the hind-limbs, 
and the bones of the fore-arm are unusually movable. All the 
feet, but especially the fore-feet, are famished with enormously 
long curved cUws (fig. 190), by the aid of which the animal is 
enabled to move about fieely suspended back-downwards &om 
the branches. Not only is this die ordinary mode of progres- 
sion amongst the Sloths, but even in sleep the animal appears 
to retain tms apparently unnatural position. 




F|g. 190.— Hand of Thfee4e«d Slodi {Bnu^K^ trUaet^^iilhtiba Owou 

Owing to the disproportionate size of the fore-limbs as com- 
pared with the hind-limbs, and owing to the fact that the hind- 
feet are so curved as to render it impossible to apply the sole 
to the ground, the Sloth is an extremely awkward animal upon 
the ground, and it has therefore recourse to terrestrial progres- 
sion only when absolutely compelled to do so. WhUst ihp 
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name of "Sloth" may thus appear to be a merited one from 
the point of view of a terrestrial Mammal, it is wholly unde- 
served when the animal is looked upon as especially adapted 
for an arboreal existence. 

The second family of the Edentata is that of the Dasypodidm 
or Annadillos. These are found exclusively m South /^erica, 
as are the Sloths, but they are very different in their habits. 
The Annadillos are burrowing animals, furnished* with strong 
digging-claws and well-developed collar-bones. The jaws are 
provided with numerous simple molars, which attain the enor- 
mous number of nearly one hundred in the great Armadillo 
(Dasypus gigas). The upper surface of the body is covered 
with a coat of mail, formed of hard bony plates or shields, 
united at their edges. A portion of this armour covers the 
head and shoulders, and another portion protects the hind- 
quarters; whilst between these is a variable number of movable 
bands which run transversely across the body, and give the 
necessary flexibility to this singular dermoskeleton. In some 
species ms flexibility is so ^reat that the animal can roll itself 
up like a hedgehog. The tail is likewise covered with bony scutes. 




The Armadillos are confined entirely to South America, 
ranging from Mexico to Patagonia, In this country, also, 
have been found the remains of a gigantic armour-plated 
animal allied to the Armadillos, which will be subsequently 
described under the name of the Glyptodon, 

The remaining members of the Edentata are the various Ant- 
eatersi but these are so different from one another in their char- 
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acters that they form tliree distinct families, also distinguished 
by their geogra])hical distribution. 

a. Myrmecophagida. — 1 his family is exclusively confined to 
- South America, as are the two preceding, and it contains only 

the Hairy or true Ant-eaters. These curious animals feed 
chiefly upon Ants and Termites, which they catch with their 
1^ 8tick]f tongues. The jaws are wholly destitute of teeth ; 
the body is covered with hair; there is a long tail ; and the 
feet are anned with lon^ and strong curved digging-daws. 

The best-known speaes of this family is the " Tamandua" 
or Great Ant-eater {Myrmecophaga jubata). This singular 
animal attains a length of over four feet, and has an extremely 
long and bushy tail. The jaws are produced to form a long 
and slender snout, which is entirely enclosed in the skin, till 
just at its extremity, where there is an aperture for the protru- 
sion of the thread-like tongue. The anterior feet have four, and 
the posterior feet five toes, all armed with strong curved claws, 
which, when not used in digging, are beat niwards, so that the 
animal walks on the sides of the feet The animal is perfectly 
harmless and gentle when unmolested, and leads a solitiuy iifep 
It lives mainly upon Termites, into the nests of which it forces 
its way by means of the powerful claws. When the Termites 
rush out to see what is the matter, the Ant-eater thrusts out its 
glutincms tongue^ an action which can be repeated with mar- 
vellous rapidity. 

b. Manidcs. — This family includes only the Scaly Ant-eaters 
or PangoHns, all exclusively confined to the Old World, and 
found in both Africa and Asia. The whole of the body in the 
Manida is covered with an armour of horny imbricated plates, 
overlapping like the tiles of a house, and apparently consisting 
of agglutinated hairs. The legs are short, and furnished with 
five toes each, ending in long and strong digging-claws ; but 
there are no clavicles. The tongue resembles that of the 

, Hairy Ant-eaters in being long and contractile, and capable of 
being exserted for a considerable distance beyond the mouth. 
It is covered widi a glutinous saliva, and is the agent by which 
the animal catches ants and other insects. The jaws are 
wholly destitute of teeth. When threatened by danger, the 
Pangolins roll themselves up into a ball, like the hedgehogs. 
The tail is comparatively long", and is rovered with scales. 
Though very strong for their size, none of the sj^ecies attain a 
length of more than three or four feet, inclusive of the tail. 

c. Oryderopida. — The last family of the living Edentata is 
that of the Oryderopidm^ comprising only the single genus 
OrycUropus, This genus comprises only a smgle species, the 
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0. CapmsiSy which is peculiar to Sonth Africa, and is known 
by the Dutch colonists as the "Aardvark" or (ground hog. 
The animal is nocturnal in its habits, and lives upon insects. 
The body is elongated, and the tail is long, tiie species attain- 
ing a total length of four feet or more. The legs are short, the 
anterior pair having four unguiculate toes, the posterior five. 
The claws are strong and curved, and enable tiie animal to 
constract extensive bunrows. The skin is veiy thidc, and is 
thinly covered with bristly hairs ; and the tail is hairy. The 
head is elongated, and the mouth small— devoid of incisor 
and canine teeth> but furnished with a number of cylindrical' 
7 — 7 

molars — The crowns of the molars are flat, and they 

are composed of dentine traversed by numerous dichotomising 

pulp-cavities. The tongue is long, and is covered by a sticky- 
saliva, by the aid of which the animal catches insects. 



CHAPTER LXXVI. 
SIRENFA AND CETACEA. 

Order IV. Sirenia. — This- order comprises no other living 

animals except the Dugongs and Manatees, which are often 
placed with the true Cetaceans (Whales and Dolphins) in a 
common order. There \% no doubt, in fact, but that the Sirenia 
are very closely allied to the Cetacean and though they are to 
be regarded as separate orders, yet they may be advantage- 
ously considered as belonging to a single section, which has 
been called Mutilaia, from the constant absence of the hind- 
limbs. 

The Sa^enia agree with the Whales and Dolphins in their 
complete adaptation to an aquatic mode of lue (fig. 193); 
especially in the presence of a powerful caudal fin, whidi differs 
from that of Fishes in being placed horizontally and in being 
a mere expansion of the integuments, not supported by bony 
rays. The hind-limbs are wholly wanting, and there is no sa- 
cmm. The anterior limbs are converted into swimming-paddles 
or " flippers." The snout is fleshy and well developed, and 
the nostrils are placed on its upper surface, and not on the top 
of the head, as in the Whales. Fleshy lips are present, and 
the upper one usually carries a moustache. The skin is covered 
with fleshy bristles. The head is not disproportionately large, 
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as in the true Whales, and is not so gradually prolonged into 
the body as it is in the latter. There may be only six cervical 
vertebrae. The teats are two in number and are " thoracic," 
. — /. are placed on the chest There are no clavicles, and 
the digits have no more than three phalanges each. The testes 
are retained throughout life within the abdomen, but vesiculae 
seminales are present. The animal is diphyodont, the pemuir 
nent teeth consisting of molars with flattened crowns adapted 
for braising vegetable tood^ and incisors which are present in 
the young animal, at any rate. In the extinct Mhyhna it does 
not appear that these were any indsor teeth. 





The only existing Sirenia are the Manatees {Manatus) and 
the Dugongs (Halkore)^ often spoken of collectively as " sea- 
cows," and forming the family of the Manatidis. 

The Manatees are characterised by the possession of numer- 
g g 

ons molar teeth (g — ^ and of two small upper indsors, which 

jore wanting in the adult The tail-6n is oblong or oval in 
shape, and tiie anterior limbs are furnished with nails to the 
four outer digits. They occur on the east coast of North 
America, especially in the Gulf of Mexico, and another species 
is found on the west coast of Africa. They are generally found 
in considerable numbers about the mouths of rivers and estu- 
aries, and they appear to live entirely upon sea-weeds, aquatic 
plants, or the littoral vegetation. They are large awkward 
animals, attaining a length of from eight to ten feet as a rule, 
but sometimes growing to a length of nearly twenty feet. 

The Dugongs {Hatkore^ ft%, 192) have molar teeth in 

2—2 

the young condition, but only when old. Inferior inds- 

ors are present in the young animal, but are wanting in the 
adult The upper jaw carries two permanent incisors, which 
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are entirely concealed in the jaw in the females, but ^vhich 
increase in size in the males with the age of the animal, till 
they become pointed tusks. The anterior extremities are nail- 
less, and the tail-fin is crescentic in shape. In their general 
appearance and in their habits the Diigongs differ little from 
the Manatees, and they are often killed and eaten. They 
attain a length of from eight to ten, twelve, or more feet, and 
micraiul chiefly on the coasts ofthe Indian Ocean* The bones 
are remarkable for their extreme density, their texture being 
nearly as dose as ivory. 

The Manatees and Dugongs, as before said, are the only 
living Sirenia; but besides these there is a very singular form, 
the Rhytina SUlUri^ which is now extinct, having been exter* 
minated by man \\athin a comparatively recent period. This 
remarkable animal was discovered about the middle of the 
eighteenth century in a little island (Behring's Island) off the 
coast of Kamschatka. Upon this island the celebrated voyager 
Beiiring was wecked, and he found the place inhabited by 
these enormous animals, which were subsequently described 
by M. Steller, who formed one of his party. Tlie discoveiy, 
however, was fatal to the RhyHna^ for the last appears to have 
been seen in the jrear 1768. The RhyHm was an animal of 
great size^ measuring twenty-five feet in length, and twenty feet 
at its greatest circumference. There can hardly be said to 

have been any true teeth, but the jaws contained ~~ large 

lamelliform fibrous structures, which officiated as teeth, and 

maybe looked upon as molars. The epidermis was extremely 
thick and hbroiis, and hairs appear to have been wanting. 
There was a crescentic taii-£n, and the anterior limbs alone 
were present. 

Order V. Cetacea. — In this order are the Whales, Dol- 
phins, and Porpoises, all agieeing with the preceding in their 
complete adaptation to an aquatic life (figs. 195, 196). The 
body is completely fish-like in form ; the anterior limbs are con- 
verted into swinmiing - paddles or ''flippers"; the posterior 
limbs are completely absent ; and there is a powerful, horizon- 
tally-flattened, caudal fin, sometimes accompanied by a dorsal 
fin as well. In all these characters the Cetacea agree with the 
Sirenia, except in the one last mentioned. On the other hand, 
the nostrils, which may be single or double, are always placed 
at the top of the head, constituting the so-called "blow-holes" 
or "spiracles"; and they are never situated at the end of a 
snout. The body is very sparingly furnished with hairs, or 
the adult may be completely hairless. The testes are retained 
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.throa^out life within the abdomen and there are no vesiculae 
seminales. The teats are two in number and are placed upon 
the groin. The head is generally of disproportionately large 
size, and is never separated from the body by any distinct con- 
striction or neck. The lumbar region of the spine is long, 
and, as in the Sirenia, there is no sacrum, and the pelvis is 
only present in a rudimentary form. There are no clavicles, 
and some of the digits may possess more than three phalanges 
each. Lastly, the adult is either destitute of teeth or is mono- 
phyodont — ^that is to say, possesses but a siogle set of teeth^ 
wlach axe never replaced by others. When teeth are presenl^ 
they are usually conical and numerous, and they are always of 
one kind only. 

The Cdacea may be divided into the three families of the 
BalanidcE or Whalebone Whales, the Delphinidcs or Dolphins 
and Porpoises, and the CatodontidcR or Sperm Whales. Of these, 
the BalcenidcR are often spoken of as the " toothless " Whales, 
whilst the other two families are called the toothed " Whales 
{fidontoceti). 




Fig. 293.— Skull of the Right Whale BaUata mysticettuy—dSicx Owen. 

Fam, I. Balcenidce. — The Bakmida or Toothless Whales are 
characterised by the total absence of teeth in the adult (fig. 
193). Teeth, however, are present in the foetal Whale, but 
they never cut the gum. The place of teeth is supplied by a 
number of plates of whalebone or baleen " attached to the 
palate ; hence the name of " whalebone Whales " often given 
to this family. They are the largest of living animals, and 
may be divided into the two sections of the Smooth Whales, 
in which the skin is smooth and there is no dorsal fin (as in 
the Greenland Whale), and the Furrowed Whales, in which 
the skin is furrowed and a dorsal fin is present (as in the so- 
called Finner Whales and Uump-backed Whales). 
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The Greenland or " Right " Whale {Balctna mysticetus) will 
illustrate almost all the leading j)oints of interest in tlie family. 
The Greenland AVhale is the animal which is sought after ia 
the whale-fishery of Europe, and hence the name of " Right ** 
Whale often applied to it It is an inhabitant of the Arctic 
seas, and reaches a length of from forty to sixty feet Of this 
enormous length, nearly one-third b n^axie up of the head, so 
that the eye looks as if it were placed nearly in the middle of 
the body. The skin is completely smooth^ and b destitute of 
hairs in the adult The fore-limbs are converted into flip- 
pers " or swimming-paddles, but the main organ of progression 
is the tail, which often measures from twenty to twenty-five 
feet in breadth. The mouth is of enormous size, the upper 
jaw somewhat smaller than the lower, and both completely 
destitute of teeth. Along the middle of the palate runs a 
strong keel bordered by two lateral depressions, one on each 
side. Arranged transversely in these lateral depressions are 
an enormous number of horny plates, constituting what is 
known as the " baleen '* plates, from which the whalebone of 
commerce is derived. The arrangement of the plates of baleen 
is somewhat as follows (fig. 1 94) : — Each plate is somewhat trian- 
gular in shape, the shortest side or base bemg deeply sunk in 
the palate. The outer edge of the plate is nearly straight, and is 
quite unbroken. The inner edge is slightly concave, and is 
burnished with a dose fringe formed of detached fibres of whale- 
bone. For simplicity's sake each baleen-plate has been re- 
garded here as a single plate, but in reality each plate is com- 
posed of several pieces, of which llie outermost is by far the 
largest, whilst the others gradually decrease m size towards the 
middle line of the palate. The large marginal plates are from 
eight to ten or fourteen feet in length, and there may be about 
two hundred on each side of tiie mouth. 

The object of the whole series of baleen-plates with which 
tiie pdate is furnished, is as follows : — ^The Whale is a strictly 
carnivorous or zoophagous animal, but owing to the absence of 
teeth, and the comparatively small calibre of the oesophagus, 
it lives upon very diminutive animals. The Whale, in fact^ 
lives mostly upon the shoals of small Pteropodous Molluscs, 
Ctenophora, and Medusa^ which swarm in the Arctic seas. To 
obtain these, the Whale swims with the mouth opened, and 
thus fills the mouth with an enonnous mass of water. The 
baleen-plates have the obvious function of a screening-appa- 
ratus." The water is strained through the numerous plates of 
baleen, and all the minute animals which it contains are arrested 
and coUecLed togcLiicr by ihe inner fibrous edges of the baleen- 
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plates, '\\nien, by a repetition of this process, the WTiale has' 
accumulated a sufficient quantity of food within the central 
cavity of the mouth, it is enabled to swallow it, without taking 
tlie water at the same time. 




Wim. i94.~Diagrain of the Baleen plates of a Whde. n a Section of tihe pdatal sur- 
nceof the upper jaw, showing the strong median ridge or keel ; 6 k Bween-plates, 
■ttnk at their boaes in the palate ;>y Fibrous nuusinel fialeen*p]aieti 

We have now to speak of a phenomenon which has given 
rise to a considerable amount of controversy, namely, what is 
known as the blowing " or " spouting" of the whale. In all 
the Cetaceans the nose opens by a single or double aperture 
(the latter in the Bakemda) upon die top of the head, and these 
external apertures or nostrils are known as the "blow-holes" 
or " spirades.'* The act known to the whalers as ^ blowing " 
consists in the expulsion from the blow-holes of a jet of what 
is apparently water, or at any rate looks like it. The act is 
performed by the whale upon rising to the surface, and it is 
usually by this that the whereabouts of the animal is discovered. 
The old view as to what takes place in the act of blou iiig is, 
that the whale is really occupied in getting rid of the surplus 
water which it has taken in at the mouth and strained through 
the baleen-plates. The modem, and d(3ubtless correct, view, 
however, is that tlie water which has been strained through the 
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baleen really makes its escape at tlie side of the mouth, and 
does not enter the pharynx to be expelled through the nose. 
Upon this view the apparent column of water emitted from the 
blow-holes in the act of blowing consists really of the expired 
air from the lungs, the contained watery vapour of which is 
suddenly condensed on its entrance into the cold atmosphere. 
With the expired air there may be such water as may have 
gained access to the nose throu^ the blow-hole, for the expul> 
sion of which proper provision eidsts in the fonn of muscular 
diverticula of the nasal cavity. It is also possible that the 
column of air in being forcibly expelled from the blow-hole 
may take up with it some of the superinctunbent water. 

The skin in the Right Whale is perfectly smooth and 
naked, but it is underlaid by a thick layer of subcutaneous fat, 
which \ aries from eight to fifteen niches in thickness, and is 
known as the " blubber." The blubber serves partly to give 
buoyancy to the body, but more especially to protect the ani- 
mal agairibL the cxticiue culd of the medium in which it lives. 
It is the blubber which is chiefly the object of the whale-fishery, 
as it yields the whale-oil of commerce. 

The whale which is captured in the Antarctic r^ons is not 
the same species as the Greenland Whale, and is termed the 
Balana ousiraHs, It is much about the size of the Sight 
Whale, averaging about fifty feet, but the head is proportion- 
ately smaller. This whale is an inhabitant of the greater part 
of the Pacific out of the regions of the tropics; but it is chiefly 
captured when approaching land, which the females do for the 
purpose of bringing forth their young. 

The only remaining members of the BcUanida which require 
notice are the Rorquals and Hump -backed VVliales, consti- 
tuting the group of the " Furrowed " Whales. These are col- 
lectively distinguished by having the skin furrowed or plaited 
to a greater or less extent, whilst the baleen-plates are short, 
and there is a dorsal fin. The specific determination of these 
animals is a matter of great difficulty, but there would appear 
to be two very well marked genera: — i. The genus Megap- 
terOy including the so-called Hump*backed Whales, in which the 
flippers are of great length, from one-third to one-fifth of the 
entire length of the body. 2. The genus BalcBiioptcra, compris- 
ing the so-called Rorquals or Piked Whales, in which the flip- 
pers are of moderate size. 

In both genera there is a dorsal adipose fin, so that they are 
both "Finner" Whales. The Balcenoptera reach a gigantic 
size, being sometimes as much as eighty or one hundred feet 
in length. They are veiy active animals, however, and their 
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whalebone is comparatively valueless, so that the whalers 
rarely meddle with them, though they are not uncommon, and 
are often driven ashore on our own coasts. 

Fam. 2. CatodontidcB. — The family of the Catodontidce or 
PhysderidcK comprises the Sperm VV^hales or Cachalots, with 
which we commence the series of the Toothed Whales {Odon- 
iffceti). They are dianctefised by Hie fiict that the palate is 
destitute of baleen-plates, and the lower jaw possesses a series 
(about fiffy-four) of pointed conical teeth, separated by inter* 
vals, and sunk in a conunon alveolar groove, which is only im- 
perfectly divided by septa. The upper jaw is also in reality 
furnished with teeth, but^ with a single partial exception, these 
do not cut the gum. 




Fig. 195.— SpetnMced Wbftle {Physeier nuu n ei ^ kiUmi^ 



The best-known species of this fiunily is the great Cachalot 
or Spermaceti Whale (FAysder macrocephaJus, fig. 195). This 
animal is of enormous size, averaging from fifty to seventy feet 
in length, but the females are a good deal smaller than the 
males. The head is disproportionately large, as in the BalcEti- 
idcB^ forming nearly one-third of the entire length of the body. 
The snout forms a broad truncated muzzle, and the nostrils 
are placed near the front margin of this. The Sperm Whales 
live together in troops or " scliools," and they are found in 
various seas, especially in the North Pacific They are largely 
sought after, chiefly for the substance known as spermaceti; " 
but besides this they 3rield oil and the singular body called 

ambergris." The spermaceti is a fat^ substance which has 
the power of concreting when exposed to the air. It is not 
only difiused through the entire blubber, but is also contained 
in special cavities of the head. The sperm-oil yielded by the 
blubber is exceedingly pure, and is free from the unpleasant 
odour of ordinary whale-oil. The ambergris is a peculiar sub- 
stance which is found in masses in the intestine, and is proba- 
bly of the nature of a biliary calculus, since it is said to be com- 
posed of a substance very nearly allied to cholesterine. It is 
used both as a perfume itself, and to mix with other perfumes. 
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Jfam. 3. DilpMnida, — This family includes the Dolphins, Por- 
poises, and Narwhal, and is characterised by usually possessing 
teeth in both jaws ; the teeth being numerous, and conical in 
shape. The nostrils, as in the last family, are united, but they 
are placed further back, upon the top of the head. The single 
blow-hole or nostril is tiaiisverse and mostly crescentic or lunate 
in shape. The head is by no taeans so disproportionately laige 
9A in die former families, usually forming about one^eventh of 
•tiie entire length of the body. 




Fiff. 19&— TlM commoa Dolphin (ZV^^yUmw d^kUi, 



The most noticeable members of this family are the true 
Dolphins, the Porpoises, and the NarwhaL 

The Dolphins have an elongated snout, separated from the 
head by a transverse depression. The common Dolphin {Del- 
phinus delphis^ fig. 196) is the best-known species. It aver- 
ages from six to eight feet in length, and has the habit of swim- 
ming in flocks, often accompanying ships for many miles. The 
female, like most of the Cetacea^ is uniparous. The Dolphin 
occurs commonly in all European seas, and is especially abun- 
dant in the Mediterranean. 

The common Porpoise {Phtfema tommums) is the commonest 
and smallest of all the Cekuea^ mnSiy exceeding four feet in 
length. The head is blunt^ and is not produced into a pro- 
jecting muzzle. The Porpoise frequents the North Sea, and is 
commonly seen off our coasts. Another British species is the 
Grampus (PhoMna orca)^ but this is much larger, attaining a 
length of from eighteen to tT*'enty feet. Nearly allied to the 
Grampus is the so-called ** Caing " Whale, or, as it is some- 
times termed, the "Bottle-nosed" Whale {Ghbicephalus or 
Phocana globiceps). This species occurs not uncommonly 
round the Orkney and Shetland Islands, and attains a length 
of as much as twenty-four feet It is gregarious in its habits, 
and is often killed for the sake of its oil. 
. Closely allied to tiie true Dolphins are tvo curious Cetacean^i 



Digitized by Google 



DNGULATA. 



belonging to different genera, but both inhabiting fresh waters. 
One of these is the Gangetic Dolphin (Fiatanista Gangetica)y 
which inhabits the Ganges, especially near its mouth. This 
singular animal is characterised by tiie great length of its 
slender muzzle, and by the small size of the eyes. It attains 
.the length of seven feet, and the blow-hole is a longitudinal 
fisstu'e, and therefore quite unlike that of the typical Dds- 
phinidcR. The other fresh-water form is the Ima BMmensis^ 
which inhabits the rivers of Bolivia, and is found at a distance 
of more than two thousand miles from the sea. In its essential 
characters it differs little from its marine brethren, and it 
attains a length of from seven (female) to fourteen feet (male). 

The last of the DelphinidcR is the extraordinary Narwhal or 
Sea-unicorn {Monodon monoceros). The Narwhal is an inhabi- 
tant of the Arctic seas, and attains a length of as much as 
fifteen feet, counting in the body alone. The dentition, how- 
ever, is what constitutes the great peculiarity of the Narwhal. 
The lower jaw is altogether destitute of teeth, and the upper 
jaw in the females also exhibits no teeth externally, as a general 
rule at any rate, though there are two rudimentary indsore 
which do not cut the gum. In the males, the lower jaw is 
likewise edentulous, but the upper jaw is furnished widi two 
molar teeth concealed in the gum, and with two incisors. Of 
these two upper incisors, that of the right side is generally 
rudimentary, and is concealed from view. The left upper 
incisor, on the other hand, is developed from a permanent 
pulp, and grows to an enormous size, continuing to increase 
in length throughout the life of the animal. It forms a tusk of 
from eight to ten feet in length, and it has its entire surface 
spirally twisted. As an abnormality, both the upper incisors 
may be developed in tiiis way so as to form projecting tusks; 
and it is stated that the tusk is occasionally present in the 
female. The function of this extraordinary tooth is doubtless 
offensive. 



CHAPTER LXXVIL 
UNGULATA. 

Order VI. Ungui.ata. — The order of the Un^utata^ or Hoofed 
Quadrupeds, is one of the laigeat and most important of all the 
divisions of the Mammalia. It comprises three entire old orders 
•r^namdyi the Pad^dermata^ SoMwigula^ and Ruminant 
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The first of these old divisions — that of the Pachydermata^ 
included the Elephants, Rhinoceros, Hippopotamus, Tapirs, 
and the Pigs, all characterised, as the name implies, by their 
thick integuments. The name is still used to express this 
though tiie <»der is now abandoned, and is meiged ivith that 
of the UngtUata; the Elephants alone being removed' to a 
separate order under the name of Proboscidea, 

The second old order — that of the Solidungula or Solipedes 
— included tlie Horse, Zebra, and Ass, all characterised by the 
fact that the foot terminates in a single toe, encased in an 
expanded hoof. The name Solidungida is stiU retained for 
these animals, as a section of the Ungulata. 

The third old order — that of the Ruminantia — includes all 
those animals, such as Oxen, Sheep, Goats, Camels, Giraffes, 
Deer, and others, which chew the cud or " ruminate," and have 
two functional toes to each foot, encased in hoofs. The name 
Ruminantia is still retained for these ^nimalgj as constituting 
a most natural group of the Ungulata, 

All these various animals, then, are now grouped together 
Into the single order of the Ungulak^, or Hoofed Quadrupeds^ 
and the following are the characters of the order : — 

All the four limbs are present, and that portion of the toe 
which touches the ground is always encased in a greatly-ex* 



!00t of Llama ; C, Axtiodactyie toot of Antelope ; D, Peri^odactyie loot of Kiuoo* 



panded nail, constituting a "hoof." There are never more 
than four full-sized toes to each limb. Owing to the encase* 
knent of the toes in hoofs, the limbs are useless for prehension^ 
and only subserve locomotion ; hence danwies axe always want* 



A 
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ing in the entire order. There are always two sets of enamelled 
teeth, su that the animal is diphyodont. The molar teeth are 
massive and have broad crowns, adapted for grinding vegetable 
substances. 

The ofder Ungidata is divided into two primaiy sec- 
tions — the Perismlaeiylat in which the toes or hoofs are odd 
in number (one or three), and the ArHodad|yU^^ in which the 
toes are even in number (two or four). 

Section A. Perissodactyla. — The section of the Perisso- 
dactyle Ungulates includes the "Rhinoceros, the Tapirs, the 
Horse and its allies, and some extinct forms, all agreeing in 
the following characters : — 

The hind-feet are odd-toed in all (fig. 197, A, D), and the 
fore-feet in all except the Tapirs. The dorso-lumbar vertebrae 
are never less tliaii twenty-two in number. 1 he femur has a 
third trochanter. The horns, if present, are not paired. 
Usually there is only one honi, but if there are two, these are 
placed in the middle line of die head, one b^ind the other 
(fig. In neither case are the horns ever supported by 

Ixmy horn-cores. The stomach is simple, and is not divided 
into several compartments; and there is a laige and capacious 
caecum. 

The three existing genera of Perissodactyle Ungulates — 
namely, the Horse, i apir, and Rhmoceros, are widely removed 
from one another in many important characters ; but the 
intervals between them are filled up by an extensive series of 
fossil forms, commencing in the Lower Tertiary Strata. 

Fam. I. RhifUKerida, — This family comprises only a single 
^enus, the genus Mmaeeros^ unless, indeed, the litUe Hyrax 
IS to be retained in this order. The Rhinoceroses are ex- 
tremely large and bulky bnites, having a very thick skin, which 
is usually thrown into deep folds. The muzzle is rounded and 

7 — 7 

blunt, and there are molars, with tuberculate crowns. 

There are no canines, but there are usually incisor teeth in 
both jaws. The feet ■ are furnished with three toes each, 

encased in hoofs. The nasal bones support one or two horns, 

which are not paired. The horn is composed of longitudinal 
fibres, which are agglutinated together, and are of the nature 
of ejiidcrmic growths, somewhat analogous to hairs. When 
two horns are present, the hinder one is carried by the frontal 
bones, and is placed in the middle line of the head behind the 
anterior horn. 1 lie posterior horn is usually much shorter than 
the anterior one, and if not, it differs in shape. The Rhino- 
ceroses live in marshy places, and subsist chi^y on the foliage 
VOL. II. a K 
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of trees. They are exclusively confined at the present day to 
the warmer parts of the Old World; but an extinct species 
(HAinaeeros tichorhmus) fameAy inhabited England, and ranged 
over the greater part of Europe. Of the one-homed spedes, 
tiie b^t known is ^ Indian Rhinoceros (i?. Indieus), which 
was probably the "Unicom " of the ancients. Another species 
wiA one horn {R. Sondaicus) inhabits Java. Of the two-homed 
species, one {R. Sumatrensis) is found in Sumatra, and is 
remarkable for the comparative absence of cutaneous folds. 
The best known, however, is the African Rhinoceros {R. 
bicomis)^ which occurs abundantly in Cape Colony and in the 
southern parts of the African continent (fig. 198.) 




7%; igS.— Head of two^Mmud nUnooenM (C. UerntU^ 

Fam. 2. Tapiridce. — The Tapirs are characterised by the pos- 
session of a short movable proboscis or trunk. The skin is 
hairy and very thick. The tail is extremely short The fore- 
feet have four toes each, but these arc unsymmetrical, and the 
hind-feet have only three toes, all encased in hoofs. The jaws 

axe fumidied with incisor teeth, canines^ and 

7 — 7 

Three species of Tapir are known, of which the most familiar 
is the American Tapir {T. Afnericanus)^ which inhabits the vast 
forests of South America. It is a large animal, something like 
a pig in shape, but brownish black in colour. It is nocturnal 
ki its habits, amd is strictly phytophagous. The proboscis is 
emi^qyed in conveying the food to the mouth, and the nostrils 
loe placed at its extremity. It attains altogether a total length 
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of from five to six feet. Another species, with longer hair (T. 
vitiosus), inhabits the Andes, and a still larger species {T, Ma- 
layanus) is found in Sumatra and Malacca. 
• Nearly allied Lo llie 1 apirs is the fossil genus PalcROtheriumy 
found in the Eocene Rocks of France and other countries. 
Many species of the genus are known, all seeming to have 
possessed a short proboscis like that of the Tapirs. All the 
feet, however, were tridactylous. 

Fam. 3. Sididungida or Equida. — This family comprises the 
Horses, Asses, and Zebras, characterised by the fact that the 
feet have only a single perfect toe each, enclosed in a single 
broad hoof, without supplementary hoofs (fig. 197, A). There 

a discontinuous series of teeth in each jaw ; and in the 
males, canines are present, but these are wanting in the females. 
The dental formula is — 



3—3 I— I 3—3 3—3 ^ 

. The skin is covered with hair, and the neck is furnished with 
a mane. 

The family Epdda is divided by Dr Gray into two section» 
or genera : Equus^ comprising the Horse; and Asinus^ com- 
prising the Asses and Zebras. 

The genus Equus is distinguished by the fact that the animal 

is not banded, and h:is no dorsal line, both the fore and hind 
legs have warts, and the tail is hairy throughout The genus 
appears to contain no more than one well-marked s]>e( ies, as 
far as living forms are concerned — namely, the Equus caballus. 
From this single species appear to have descended all the in- 
numerable varieties of horses which are employed by man. 
The native country of the horse appeals to have been Central 
Asia, but all the known wild individuals at the present day 
appear to be descendants of domestic breeds. 

The genus Asinus is characterised by the fact that there is 
always a distinct dorsal line, and the body is more or less 
banded, the fore-legs alone have warts,- and the tail has a tufl 
of long hairs at its extremity. The Ass is probably a native of 
Asia (where the wild Ass is at present a nntive), and there ap- 
pears to be little doubt but that tlie common Ass is merely the 
domesticated form of the wild Ass {Equus onager). The striped 
members of this section are krirn\ n as Zebras and Quaggas, 
and are natives of the southern parts of Africa. 

Section B, Artiodactyla. — In this section of the Ungu- 
lates the number of the toes is even— either two or four—uid 
die third toe iji each foot forms a symmetrical pair with the 
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fourth (fig. 197, B, C). The dorso-lumbar vertebrae are nineteen 
in number, and there is no third trochanter on the femur. If 
true horns arc present, these are always in pairs, and are sup- 
ported by a bony hom-core. The antiers of the Deer are also 
pairedy but they are not to be jegjxtded as true horns. The 
stomach is always more or less complex, or is divided into se- 
parate compartments, and the caecum is compamtively small 
and simple. 

The section Artiodadyla comprises tiie Hippopotamus, the 
Pigs, and the whole group of the Ruminants, including Oxen, 
Sheep, Goats, Antelopes, Camels, Llamas, Giraffes, Deer, &c 
Besides these there is an extensive series of fossil forms com* 
mencing in the Eocene or Lower Tertiary period, and in many 
respects filling up the gaps between the Uving forms. 



OMNIVORA. 

T. Jlippopotamidm. — This group contains only the single 
gQTWis mppopofamus, charactenscd by the massive heavy body, 
the short blunt muzzle, the large head, and the presence of 

teeth of three kinds in both !aws» The incisors axe the 

' 2 — 2 

canines extremely large, - — and the molars or 

I— I y — 7 o — o 

with crowns adapted for grinding vegetable substances. The 
feet are massive, and arc terminated Ijy four hoofed toes each. 
The eyes and ears are small, and the skin is extremely thick, 
and is furnished with few hairs. The tail is very short. 

Several extinct species of Hippopotamus are known, but there 
is only one well-established living form, the Hippopotamus tun* 
fhibius^ and this is confined to the African continent It is an 
enormously bulky and unwieldy animal, reaching a lengUi of 
eleven or twelve feet. It is nocturnal in its habits, living upon 
grass and small shrubs, and it swims and dives with great 
facilitv. It is found in tolerable abund ance in the nvers of 
Abyssinia, and occurs plentifully in South Africa. Another 
supposed species {H Liberiensis) occurs on the west coast 
of Africa, but there is some doubt as to the specific distinct- 
ness of this. 

2. Suida, — The group of the Suida^ comprising the Pigs, 
Hogs, and Peccaries, is very closely allied to the preceding ; 
but the feet have only two functional toes, the oth^a* two toes 
being, placed at some elevation above the ground, and being 
rudimentary. All the three kinds of teeth are piesent, but they 
vary a good deaL The canines always are very large» and in 
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the males they usually constitute formidable tasks projectiiig 
from the sides of the mouth* The molars vary from three to 

seven on each side of the mouth ( - — - or — -\. The stom- 

^3—3 7—7^ 

ach is mostly slightly divided, and is not nt;arly so complex 
as in the Ruminants. The snout is truncated and cylindrical, 
and is capable of considerable movement The skin is more 
or less abundantly covered with hair, and the tail is very short, 
or represented only by a tubercle. 

Of the true Swine, the best known and most important is the 
Wild Boar (Sus scrofa)^ from which it is probable that all our 
domestic varieties of swine have sprung. The Wild Boar 
formerly inhabited this country, and is stul abundant in many 
of the forests of Europe. It is often hunted, and the size and 
sharpness of its canines render it a tolerably formidable adver- 
sary, as is also its congener, the Indian Hog (Sus Indiais), 
Another curious form, closely rehitcd to the Wild Boar, is the 
Babyroussa {Sus Babyrussa)^ which inhabits the Malayan Pen- 
insula, and some of the islands of the Indian Archipelago. It 
is remarkable for the great size and backward curvatiue of the 
upper canines. 

The African Wart-hogs, forming the genus Fhacochcerus^ are 
distinguished by having a fleshy wart under each eyew They 
inhabit Abyssinia, the Guinea coast, and oUier parts of Africa. 

The American Peccaries {Dicotyles) represent lite Swine of 
the Old World* They are singular for having only three toes 
on the hind-feet^ the outer of the two supplemental hoofs being 
wanting. They are exclusively confined to America, and the 
commonest species is the Collared Peccary {Dicotyles torquatiis). 
They are not at all unlike small pigs either in their appearance 
or in their habits, and tiiey are gregarious, generally occurring 
in small flocks. 

Forming a kind of transition between the Swine and the true 
Ruminants, is the extinct group of the AnoplotkcndcSy from the 
Lower Tertiary Rocks. The Anoplotheria were slender in 
fcHrm, with long tails, and feet tenninated by two hoofed toes 
each, sometimes with small accessory hoo& The dentition 
consisted of six incisors in each jaw, small canines not larger 
than the incisors, and seven molars on each side, there bemg 
no interval or diastema between the molars and the canines. 

RUMINANTIA. 

The last section of the Arfiodadyle Ungulates is the ^eat 
and natural group of the MutninanHa^ or Ruminant animals* 
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This section comprises the Oxen, Sheep, Antelopes, Giraflfes, 
Deer, Camels, Slc, and is distinguished by the following char- 
acters : — 

The foot is what is called " cloven," consisting of a symmet- 
rical pair of toes encased in hoofs, and looking as if produced 
by the splitting into two equal parts of a single hoof. In addi- 
tion to these functional toes, there are usually two smaller sup- 
plementaiy hoofs placed at the back of the foot The meta- 
carpal bones of the two functional toes of the fore-limb, and 
the metatarsal bones of the same toes of the hind-limb, coalesce 
to form a smgle bone, known as the canon-bone." The 
stomach is complex, and is divided into several compartments, 
this being in accordance with their mode of eating. They all, 
namely, ruminate or " chew the end" — that is to say, they first 
swallow their food in an unmasticated or partially-masticated 
condition, and then bring it up again, after a longer or shorter 
time, in order to chew it thoroughly. ' 

This process of ruiuination is so characteristic of this group, 
that it win be necessary to describe the structure of the 
stomach, as showing the mechanism by which this singular 
process is effected. The stomadi (hg. 199) is divided into 
four compartments, which are usually so distinct from one 
another that they have generally been spoken of as so many 
separate stomachs. The gullet opens at a point situated 
between the first and second of these cavities or " stomachs." 
Of these the largest lies on the left side, and is called the 

rumen" or ''paunch" {fig. 199, r.) This is a cavity of \cry 
large capacity, having its interior furnished with numerous 
hard papillae or warts. It is the chamber into which the food 
is first received when it is swallowed, and here it is moistened 
and allowed to soak for some time. The second stomach, 
placed to the right of the paunch, is much smaller, and is 
known as the reticulum" or "honeycomb -bag" (A), Its 
inner surface is reticulated, or is divided by ridges into a 
number of hexagonal or many-sided cells, somewhat resem- 
bling the cells of a honeycomb. The reticulum is small and 
globular, and it receives the food after it has lain a sufficient 
time in the paunch. The function of the reticulum is to com- 
press the partially-masticated food into little balls or pellets, 
which are then returned to the month by a reversed action of 
the muscles of the oesophagus. After having been thoroughly 
chewed and prepared for digestion, the food is swallowed for 
the Second time. On this occasion, however, the triturated 
food passes on into the third cavity (/), which is variously 
Jcnown as the "psalterium," "omasum," or (ScottUe) the "many- 
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plies." The vernacular and the first of these technical names 
both refer to the fact that the inner lining of this cavity is 
thrown into a number of longitudinal folds, which are so close 
as to resemble the leaves of a book. The psalterium opens 
by a wide aperture into the fourth and last cavity, the " abo- 
masum" (a), both appearing to be divisions of the pyloric 




Pig. iga^Stamach of a Sheep. 0 Gullet; rJtumtM or PMiack ; A Ho n eyconiib-lMig 
or KeHemlum;^ HenypKei or AwAkn'soM; « Fourth Stonadi vtAi^mtum* 

portion of the stomach. The mucous membrane of the abo- 
masum is thrown into a few longitudinal folds, and it secretes 

the true acid gastric juice. It terminates, of course, in the 
commencement of the small intestine — i.e., the duodenum. 
The intestinal canal of Ruminants, as in most animals which 
live exclusively upon a vegetable diet, is of great relative length. 

The dentition of the Ruminants presents peculiarities al- 
most as great and as distinctive as those to be derived from 
the digestive system. In the typical Ruminants (e.g', Oxen, 
Sheep, Antelopes), there are no incisor teeth in the upper jaw, 
their place bong taken by. a callous pad of hardened gum, 
against which the lower incisors impinge (fig. aoo). There 
are also no upper canine teeth, and the only teeth in the 
upper jaw are six molars on tzidti side. In the ftont of the 
lower jaw is a continuous and uninterrupted series of eight 
teeth, of which the central six are incisors, and the two outer 
ones are regarded by Owen as being canines. Upon this 
view, canine teeth are present in the lower jaw of the typical 
Ruminants, and they are only remarkable for being placed in 
the same series as the incisors, which they altogether resemble 
in shape, size, and direction. Behind this continuous series of 
eight teeth in the lower jaw there is a vacant space, which is 
followed behind by six molars on eadi side. 
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The dental formula, then, for a typical Ruminant animal 
is*** 

.0—0 0—0 . 3—3 3 — 3 

The departures from this typical formula occur in the Camdida 
and in some of the Deer. Most of the Deer conform in their 




m 

Fig. aoa«>SlciiII of > lio«iito »^ ShMBq^^iftM^ I Indms ; e CSuIdm ; 



dentition to the above formula, but a few forms {e.g., the Musk- 
deer) have canine teeth in the upper jaw. These upper 
canines, however, are mostly confined to the males ; and if 
they occur in the females, they are of a small size. The denti- 
tion of the Camdidm (Camels and Llamas) is still more aber* 
rant; there being two upper incisors and upper canines as 
wdL The lower canines also are more pointed and stand 
more erect than the lower incisors, so that they are easily 
recognisable. The group of the Ruminantia includes the 
families of the CamelidcB ^Camels and Llamas), the Moschida 
(Musk-deer), the CfrrvV/^j (Deer), the CameIopardalid<s (GiraSk)^ 
and the Cavicornia (Oxen, Sheep, Goats, Antelopes). 

a. Camelidce. — The Camels and Llamas constitute in many 
respects an aberrant group of the Ruminantia, especially in 
their dentition, the peculiarities of which have been spoken of 
above, and need not be repeated here. In their feet, too, the 
Camelida are peculiar. The feet are long and terminate in 
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only two toes, which are covered by an imperfect nail-like 

hoof, covering no more than the upper surface of each toe. 

The two hinder supplementary toes, which are generally pre- 
sent in the Ruminants, are here altogether wanting ; and the 
soles of the feet are covered by a callous horny integument 
upon which the animnl walks. The head in all the Camelidce. 
is destitute of horns, and the nostrils can be closed at the will 
of the animal. 

The true Camels axe peculiar to Asia and hSAca^ and two 
species are known, distinguished from one another by the 
possession of a double or single adipose hump on the back. 

The African or Arabian Camel {Camelus Dnmedarius) is often 
called the Dromedary, and has only one hump on its back. 
The two toes are united together by the callous sole ; and the 
chest, shoulders, and knees are furnished with callous pads, 
upon which they rest when they lie down. The hump is 
almost entirely composed of fat, and appears to act as a kind 
of reserve supply of food, as it is noticed to diminish much in 
size upon long journeys. The Camel can likewise sui>i)ort a 
very prolonged deprivation of water, as tlie pauncli is fuinislied 
with large cells, which the animal fills when it has access to 
water, and then makes use of subsequently as occasion may 
require. The structure of the Camel adapts it admirably for 
locomotion in the sandy deserts of Arabia and Afiica j and as 
it is very docile and good4empered, it is almost exclusively 
employed as a beast of burden in the countries in which it 
occurs. 

The Bactrian Camel {C. Padrtanus) is distinguished by the 
possession of two humps ; but m other respects it does not 
differ from the Dromedary. The two species are said to 
breed together, and the hybrid oflspring is stated to be occa- 
sionally fertile. The place of the Camels is taken in the New 
World by the Llama^and Alpaca, with two other nearly-allied 
forms. These animals form the genus Anehana^ and are in 
many respects similar to the true Camels. They are distin- 
guished, however, by having no hump upon fhe back, and by 
the fact that the sole of the foot is destitute of a callous pad 
The Llamas are chiefly found in Peru and Chili, and consider- 
able doubt exists as to the number of species. They live in 
flocks in mountainous regions, and are much smaller than the 
Camels in size. The true Llama is kept as a domesticated 
animal, and used as a beast of burden. The Alpaca is still 
smaller than the Llama, and is not very unlike a sheep, having 
a long woolly coat It is partially domesticated, and the wool 
is largely imported into Kuiope. 
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b. Moschidce. — The second group is that of the Musk-deer, 
characterised by the total absence of horns in both sexes, and 
by the presence of canines in both jaws, those in the upper 
jaw being in ilie form of tusks in the males, but, being much 
smaller in the females. 

The trae Musk-deer {Moschus maschifems) is an elegant 
little animal, which inhabits the elevated plains of central 
Asia. It is remarkable for the fact that ^e male has a glan- 
dular sac on the abdomen, by which the well-known perfume, 
musk, is secreted. 

c. Cervidce. — Tliis family is of much greater importance than 
that of the Moschidcz, including as it does all the true Deer. 
They are distinguished from the other Ruminants chiefly by 
the nature of the horns. With the single exception of tlie 
Reindeer, these appendages are confined to the males amongst 
the Ceri'idcE, and do nut occur in the females. They do not 
consisl, as m the succeeding group, of a hollow sheatli of horn 
surrounding a central bony core, nor are they permanently re- 
tained by the animal On the other hand, the horns, or, as 
they are more properly called, the an^s^ of the Cervida are 
deciduous, and are solid. They are bony throughout, and are 
usually more or less branched, and they are annually shed and 
annually reproduced at the breeding season. They increase 
in size and in the number of branches every time they are 
reproduced, until in the old males they may attain an enormous 
size. The antlers are carried upon the frontal bone, and are 
produced by a process not at all unlike that by which injuries 
of osseous structures are made good in man. At hrst the 
antlers are covered with a sensitive hairy skin ; but as develop- 
ment proceeds, the vessels oi the bkin are gfadiially obliter- 
ated, and the skin dies and peels off. In all the Deer there is 
a sebaceous gland, called the "lachrymal smus," or larmier," 
which is placed beneath eadi eye, and secretes a stroi^ly- 
smelling waxy substance. 

The Cervidcs are very generally distributed, but no member 
of the group has hitherto been discovered in either Australia 
or South Africa, their place in the latter continent seeming to 
be taken by the nearly-allied Antelopes (distinguished by ti^eir 
hollow horns). 

Very many species of Cenndcs are known, and it is not pos- 
sible to allude to more than two or three of the more familiar 
and important forms. Three species occur in Eritam — namely, 
the Roebuck, Red -deer, and Fallow-deer, tiic last being a 
doubtfol native. The Roebuck {(Oapreolus caprxa) was once 
very generally distributed over, Bntain, but is almost confined 
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to the wilder parts of Scotland at the present day. It is of 
small size, and the horns are without brow-tynes, and are 
of smali size, with three terminal branches. The Red-deer, 
or Stag (Cenms ekphus) is a much larger species, well- 
deveiuped spreading antlers. It is still found in tlie Lake- 
district and in Scotland, but it is gradually in process of exter- 
mination. The Red-deer of this oountiy' is represented in 
North}IAmerica by a still laiger specie^ known as the Wapiti 
{Cervus Canadensis), 

The third British species is the Fallow-deer platyceros)^ 
characterised by the fact that the antlers are palmated — that 
is, dilated towards their extremities. It is a doubtful native, 
and is never found in a wild state at the present day. Allied 
to the Fallow-deer is a gigantic extinct species, the Megaceros 
Hibemiats, which inhabited Ireland, the Isle of Man, Scotland, 
and probably the greater part of Europe, up to a comparatively 
modem date, probably having survived into the human period. 
It is often, but incorrectly, spoken of as the Irish " Elk," but 
it is really a genuine Stag. The animal was of very great 
size, and was furnished with enormous spreading and palmate 
antlers, which measure from ten to twelve feet between the tips. 

Of £dl the Deer, the largest living form is the true Elk {Alus 
pahnatus)^ which is generally distributed over the noithem 
parts of Europe, Asia, and America, being often spoken of as 
the Moose. The antlers in the Elk are of very large size, and 
are very broad, terminating in a series of points along their 
outer edges. 

The only completely domesticated meinbei of the Ceti'idm 
is the Reindeer {Cenms tarandus\ which is remarkable for 
the fact that the female is furnished with antlers similar to, but 
smaller than, those of the males. At the present day thf Rein- 
deer is exclusively confined to the extreme north of Europe and 
Asia, abounding especially in Lapland Remains, however, of the 
Reindeer are known to occur over Uie greater part of Europe, 
extending as far south, at any rate, as 9ie Alps, and occurring 
also in Britain. From this fact, taJcen along witii many others, 
the existence of an extremely cold climate over the greater 
part of Europe at a comparatively recent period may be safely 
inferred. The Reindeer lives chiefly upon moss and a pecu- 
liar kind of lichen {^Lichen rangiferina\ and they are extensively 
used by the Laplanders both as beasts of burden and as sup> 
plying food. 

d. Cameiopardalidm. — This family includes only a single 
living animal — the Camelopanialis Girajfa, or Giraffe — some- 
times called the Camelopard, from the fact that the skin is 
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spotted like that of the Leopard, whilst the neck is long, and 
gives it some distant resemblance to a Camel. There are no 
upper canines in the Giraffe, and both sexes possess two small 
frontal horns, which, however, are persistent, and remain per- 
manently covered by a hairy skin. The neck is of extraordi- 
nary length, but, nevertheless, consists of no more than the nor- 
mal seven cervical vertebm. The fore-legs appear to bo mucb 
longer than the hind-legs, and all are terminated by two toes 
each, the supplementary toes being altogether wanting. The 
tongue is very long and movable, and is employed in stripping 
leaves off the trees. The Giraffe is the latest of all the 
Kuminants^ measuring as much as from fifteen to eighteen feet 
in height. It is a harmless and inoffensive animal, but defends 
itself very effect\mlly, if attacked, by kicking. It is found in 
Nubia, Abyssinia, and the Cape of Good Hope. 

Remains of gigantic Ruminants allied to the Giraffe have 
been found in France and Greece {HcUadotheriitm) ; but the 
Sivatherium, sometimes referred to this family, appears to have 
been more nearly allied to the true Antelopes. 

CeofUorma, — The last fiunil^ of the Ruminants is that of 
the Qtviofynta or BavidcB^ composing the Oxen, Sheep, Goats, 
and Antelopes. This family includes the most typical Rumi- 
nants, and those of most importance to man. The upper jaw 
in all the Cavicornia is wholly destitute of incisors and canines, 
the place of which is taken by the hardened gum, against 
which the lower incisors bite. There are six incisors and two 
canines in the lower jaw, placed in a continuous series, and the 
molars are separated by a wide gap from the canines. There 
are six molars on each side of each jaw. Both sexes have 
horns, or the males only may be horned, but in either case 
these appendages are very different to tlie ' antlers" of the 
CervidiB, The horns, namely, are persistent, instead of being 
deciduous, and each consists of a bony process of the frontal 
bone— or "horn-core**— covered by a sheath of horn. The 
feet are cleft, but are furnished with accessory hoofs placed on 
the back of the foot. 

The Cavicornia comprise the three families of the Antilopida^ 
OvidcB, and Bovidce. The Antelopes form an extremely large 
section, with very inany species. They are characterised by 
their slender deer-like form, their long and slender legs, and 
their simple cyHndrical or twisted horns, which are usually 
confined to the males, but sometimes occur in the females as 
well. The Antelopes must on no account be confounded with 
the true Deer, to which they present many points of similarity. 
The structure of the homS) however, is quite sufficient to dis- 
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trnguish them. The Antelopes are especially numerous, both 
in individuals and in species, in Africa, in which country they 
appear to take the place of the true Deer (only one species of 
Deer being indigenous to Africa). Amongst the better-known 
African species of Antelopes are the Springbok, Hartebeest, 
Gnu, Eland, and Gazelle. The only European Antelope is the 
Chamois {Rupkafra tragus), which inhabits the Alps and other 
inoiintain-ianges of southern Europe. 

The Sheep and Goats (Ouida) have mostly horns in both 
sexeSy and die horns are generally curved, compressed, and 
turned more or less backwards. The body is heavier, and the 
legs shorter and stouter than in the true Antelopes. In the 
true Goats ( Capra) both sexes have horns, and there are no 
lachrymal sinuses. The throat is furnished with long hair, 
forming a beard, and this appendage is usually present in both 
sexes, thoiis:h sometimes in the males only. The goats live in 
herds, usually in mountainous and rugged districts. The do- 
mestic Goat ( Capra Aircus) is generally believed to be a descen- 
dant of a species which occurs in a wild state in Persia and in 
the Caucasus (the "Paseng," or Cc^ra agagrus). The true 
sheep {(hns) are destitute of a beard, and ^e horns are gener* 
ally twisted into a spiral. Horns may be present in bodi 
sexes, or in the males only. Lachrymal sinuses are almost in- 
variably present Numerous varieties of the domestic Sheep 
(Oris arirs) a re knowTi, but it is not certainly known from what 
wild species these were originally derived. The Merino Sheep 
(a Spanish breed) and the 1 lubet Sheep are particularly cele- 
brated for their long and fine wool. With the exception of 
one species (the Big-horn, Ozns montana), all the Sheep appear 
to be originally natives of the Old World. 

The true Oxen (BatfidcB) are distingiushed by having simply 
rounded hozns, which are not twisted in a spural manner. 
There are no lachiymal sinuses. Most of the Oxen admit of 
being more or less completely domesticated, and some of them 
are amongst the most useful of animals, both as beasts of 
burden and as supplying food. The parent-stock of our nu- 
merous breeds of cattle is not known with absolute certainty ; 
the nearest approach to British Wild Cattle being a celebrated 
breed which is still preserved in one or two places. These 
"Chillingham Cattle" are a fine wild breed, which at one time 
doubtless existed over a considerable part of Britain. They 
are pure white, with a black muzzle, the horns white, tipped 
with black. Another large Ox, which formerly existed in Brit- 
ain, and abounded over the whole of Eturope, is the Aurochs 
or Lithuanian Bison {Bos bison),. The Aurochs is of vety large 
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size, considerably exceeding the common Ox in bulk. It stiU 
occurs in the forests of the Caucasus in a wild state, but it no 
longer occurs wild in Europe, if we except a herd maintained 
by the Czar in one of the forests of Lithuania. Nearly allied 
to the Aurochs is the American Bison or Buffalo fi?/.rfw Ameri- 
canus). This species formerly occurred m innumerable herds 
in the ])rairics of North America, but it has been gradually 
driven westwards, and has been much reduced in numbers. 
Two other very well known forms are the Cape Buffalo {Bn- 
baius Coffer) and the common Buffalo {Bubalus bubalis). The 
former of these occurs in southern and eastern Africa, and the 
latter is domesticated in India and in many parts of the south 
of Asia. The horns in both species are of large size, and their 
bases are conflumt, so that the forehead is protected by a 
bony plate of considerable thickness. 

The last of the Oxen which deserves notice is the curious 
Musk-K>x (Ovi^ moschatus). This singular animal is at the 
present da}- a native of Arctic America, and is remarkable for 
the great length of the hair. It is called the Musk-ox, because 
it gives out a musky odour. Like the Reindeer, the ISfiisk-ox 
had formerly a much wider geographical range than it has at 
present ; the conditions of climate which are necessary for its 
existence having at that time extended over a very much 
larger area than at present. The Musk-ox, in fact, in Post- 
tertiary times is known to have extended over the greater part 
of Europe, remains of it occurring abundantly in certaui of 
the bone-caves of France. 



CHAPTER LXXVIIL 

» 

HYRACOIDEA AND PROBOSCIDEA. 

Order VII. Hyracoidea. — This is a very small order which 

has been constituted by Hnxley for the reception of two or 
three little animals, which make up the single genus Ilyrax. 
These have been usually placed in the immediate neighbour- 
hood of the Rhinoceros, to which they have some decided 
affinities, and they are still retained by Owen in the section of 
the Perissodactyle Ungulates. 

The order is distinguished by the follo\ving characters : — 
There are no canine teeth, and the incisors of the upper jaw 
are long and curved, and grow from permanent pulps, as they 
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do in t"he "Rodents (such as the Beaver, Rat, &c.) The molar 
teeth are singularly hke those of the Rhinoceros. According 
to Huxley, the dental fonnula of the aged animal is — 

2—2 o-^ 4—4 3—3 



The fore-feet are tetradactylous, the hind-lccL tndactylous, 
and all the toes have rounded hoof-like nails, with the ex- 
ception of the inner toes of the hind-feet, which have an 
obliquely-curved nail There are no clavicles. The nose and 
ears are shor^ and the tail is represented by a mere tubercle. 
The placenta is dedduate and zonary, whereas in the Ungulates 
it is non-deciduate. 

Two or three species o{ Hyrax are known, but they resemble 
one another in all essential particulars. They are all gregarious 
little animals, living in holes of the rocks, and capable of 
domestication. One species is said to be arboreal in its 
habits. The " coney" of Scripture is believed to be the Hyrax 
Syriacus, which occurs in the rocky parts of Syria and Palestine. 
Another species — the Hyrax Capensis — occurs commonly in 
South Africa, and is known by the colonists as the " badgen" 

Order VIII. Proboscidea. — ^The eighth order of Mammals 
is that of the Proboscidea, comprising no other living animals 
except the Elephants, but including also the extinct Mastodon 
and Deinetherum, 

The order is characterised by the total absence of canine 
teeth J the molar teeth are few in number, large, and trans- 
versely lidged or tuberculate ; incisors are idways present, and 
grow from ])ersistent pulps, constituting long tusks (fig. 201). 
In living Elephants there are two of these tusk-like incisors in 
the upper jaw, and the lower jaw is without incisor teeth. In 
the Deinotheriitm this is reversed, there being two tusk-like lower 
incisors and no upper incisors. In the Mastodons, the incisors 
are usually developed m the upper jaw, and form tusks, as in 
the l^^lephants, but sometimes there are both upper and lower 
incisors, and both are tusk-like. The nose is prolonged into a 
cylindrical trunk, movabie in every direction, highly sensitive, 
and terminating in a finger-like prehensile lobe (fig. 201). The 
nostrils are placed at the extremity of the proboscis. The feet 
are furnished with five toes each, but these are only indicated 
externally by the divisions of the hoof. The feet arc furnished 
with a thick pad of integument, forming the palms of tiie hand 
and the soles of the feet There are no davides. The testes 
are abdominal throughout life. There are two teat8> and these 
are placed upon the chest The placenta is-dedduate and zonary. 
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The recent Elephants are exclusively confined to the tropical 
regions oi the Old World, in the forests of which they live 
in herds. Only two living species are known — the Asiatic 
Elephant (Elephas Indiais), and the African Elephant {E. 
Africanus). There can be no doubt, however, but that the 
Mammoth (Elephas primi^enius) existed in Europe within the 
human period. 




Fig. 20I. — Skull of the Indian Elephant {EU^uu Jndicus). i lusk-like uppor in- 
cisors ; m I>owcr jaw, with molars, but witbovft iaciion; n Noitri]% placed at die 
cod of theproboacu. (After Oweii>.| 

In both the living Elephants the " tusks" are formed by an 
enomious development of the two ujjper incisors. The er 
incisors are absent, and there are no other teeth in the jaws 
except the large molars, which are usually two in number on 
each nde of each jaw. The molar teeth are of very laige size, 
and are composed of a number of transverse plates of enamel 
united together by dentine. In the Indian Elephant the 
transverse ridges of enamel are nairow and undulating, whikt 
in the African Elephant they enclose lozenge-shaped intervals. 
The Indian Elephant is the only species which is now caught 
and domesticated, and as it will not breed in captivity, the 
demand for it b supplied entirely by the capture of adult wild 
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individuals, which are taken chiefly by the assistance of those 
which have been already tamed. The Indian Elephant is dis- 
tinguished by its concave forehead, its small ears, and the 

characters of the molars. The African Elephant, on the other 
hand, has a strongly convex forehead and great flapping ears. 
The Afncan Eie])h,int is chiefly hunted for the sake of its 
ivory, and there is too much reason to believe that the pursuit 
will ultimately end in the destruction of these fine animals. 
A great deal, however, of the ivory of commerce comes from 
Siberia, and is really derived from the tusks of the now exiuici 
Mammoth, which formerly inhabited the north of Asia in 
great numbers. 

The Elephants are all phytophagous, living almost entirely 
on the foliage of shrubs and trees, which they strip off 
means of the prehensile trunk* As the tusks prevent the 
animal from drinking in the ordinary manner, the water is 
sucked up by the trunk, which is then inserted into the mouth, 
into whidi it empties its contents. 

Many species of fossil Elephants are known, but the most 
familiar of them is the Mammoth [Elephas primigenius). This 
enormous animal is now wholly extinct, but it formerly 
abounded in the northern parts of Asia and over the whole 
of Europe. It occurred also in Britain, and unquestionably 
existed in the earlier portion of the human period, its remains 
having been found in a great number of instances in connec- 
tion with human implements. From its great abundance in 
Siberia, it might have been safely inferred that the Mammoth 
was able to endure a much colder climate than either the 
living species. This inference, however, has been rendered 
a certainty by the discoveiy of the body of more than one 
Mammoth embedded in the frozen soil of Siberia. These 
specimens had been so perfectly preserved that even micro- 
scopical sections of some of the tissues could be made ; and 
in one case even the eyes were preserved. From these sped* 
mens we know that the body of tiie Mammoth was covered 
with long woolly hair. 

Closely aUied to the true Elephants are the Mastodons, 
characterised by the fact that the crowns of the molar teeth 
have nipple -shaped tubercles placed in pairs. Generally 
speaking, the two upper incisors formed long curved tusks, as 
in the Elephants, but in some cases there were two lower 
incisors as well. The various species of Alastodon all belong 
to the later Tertiary and Post-tertiary periods. 

The last of the Probi^ddM is a remarkable extinct animal, 

VOL. IL a L 
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the Ddmtherium, This extraordinary animal has hithertq 

only been found in Miocene de- 
posits, and little is known of '\\ 
except its enormous skull. Mo^ 
lars and praemolars were present 
in each jaw, and the upper jaw 
was destitute of canines and ys^ 
dsoTS. In the lower jaw were 
two veiy laige tusk-like incisors, 
which were not directed forwards 
as in the true Elephants, but were 
bent abruptly downwards (fig. 202)* 
The animal must have attained an 
enormous size, and it is probable 
that the curved tusks were used 
either in digging up roots or in 
mooring the animal to the banks 
of rivers, for it was probably aquatic or semi-aquatic in its 
habits. 




Fig. 2a«.— ^iinofiVAMi£lin£ww 



CHAPTER LXXIX. 
CARNIVORA. 

Order IX. Carnivora. — The ninth order of Mammals is 
that of the Carnivora^ comprising the Fera or Beasts, of Prey, 
along with the old order of the Pinnipedia^ or Seals and Wal- 
ruses, these latter being now universally regarded as merely a 
group of the Carnivora modified to lead an aquatic life. 

The Carnivora are distinguished by always possessing two, 
sets of teeth, which are simply covered by enamel, and are 
always of three kinds — incisors, canines, and molars — differing 
from one another in shape and size. 1 he incisors are generally 

(except in some seals); the canines are always ^ — ^" 



and are invariably much larger and longer than the incisors.. 
The pfsemolars and molars are mostly furnished with cutting or 
trendiant edges ; but they graduate from a cutting to a tuber- 
culate form* as the diet is strictly carnivorous, or becomes 
more or less miscellaneoias. In the typical Carnivores (sudi 
as the Lion and Tiger), the last tooth but one in the uppers 
jaw and the last tooth in the lower jaw are known as the 
"camassi^l" or sectorial" teeth, having a sharp QUtting.edge 
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adapted Tor dividing flesh. A varying number, however, of 
the molan and pnemolais may be ** tabercnkte,** tinir^ciowiis 
being adapted for bruising rather than cutting. 

In all ^e Cofnwora the davicles are either altogether wani- 
ing, or are quite rudimentaiy; The toes are provided with 
sharp curved claws. The teats are abdominal; and the pla- 
centa is deciduate and zonular. 

The order Camiwra is divided into three veiy natural 
sections : — 

Secfion /. Pimiigrada or Pitinipedia, — This section com- 
prises the Seals and Walruses, in which the fore and hind 
limbs are short, and are expanded into broad webbed swim- 
ming-paddles (fig. 203, B.) The hind-feet are placed very- 
far back, nearly in a line with the axis of the body, and they 
are more or less tied down to the tail by the integuments. 

Section II. Fiantigrada. — This section comprises the Bears 
and their allies, in which the whole, or nearly the whole, of the 
foot is applied to the ground, so that the acnimal walks upon 
the si^ of the feet (fig. 203, A.) 

SeeHmllL Digitigrada, — This section comprises the Iion% 
Tigers, Cats, Dogs, fto, in which the heel of ue fool is nised 
entirely off the ground, and the animal walks upon the tips of 
the toes (fig. 203^ C) 




Tix, 9(n.— Feet <^ CamkMnt (after Owenl A, Pkmiigrada, Foot of Bear ; ** 
B, Pkmigmdm, Hiiid-feet«f Seal ; Q DU^tgradot Foot of Lion. 



Section I. Pinnigrada or Pinnipedia. — This section of 
the Carnivora comprises the amphibious Seals and Walruses, 
which differ from the typical Carnivores merely in points con- 
nected with their semi-aquatic mode of life. The body in 
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these forms !s elongated and somewhat iish-like in shape, 
covered with a short dense fur or harsh hairs, and terminated 
behind by a short conical tail All the four limbs are present, 
but are very short, and the five toes of each foot are united 
together by n. membrane, so that the feet form powerful 
swimming-paddles. The hind-feet are of large size, and are 
placed far back, their axis nearly coinciding with that of the 
body (figs. 203, 204). From this circumstance, and from the 
fact that the integument often extends between the liind-legs 
and the sides of the short tail, the hinder end of the body 
forms an admirable swimming-apparatus, similar in its action 
to the horizontal tail-fin of the Cdacea and Sirmia. The tips 
of the toes are fiimished with stroi^ daws, but their powers of 
terrestrial locomotion are ver^ limited. The ears axe of small 
size, and are mostly only indicated by small apertures, which 
the animal has the power of closing when under water. The 
bones are light and spongy, and beneath the skin is a layer of 
iat or blubber. Hie dentition varies^ but teeth of three kinds 
are always present, in the young animal at any rate. The 
canines are always long and pointed, and the molars are 
generally furnished with sharp cutting edges. 




Ft(. Mf •"Hie Gnenluid S«d iPkaat CnuUaMdiM.) 



The section Pinnigrada inchides the two famih'es of the 
Seals {Phocidce) and Walnises {Tric/imdcB), The Seals are 
distuiguished by having mcisor teeth in both jaws, and by the 
fact that the canine teeth are not disproportionately developed. 
They form a very nunierous family, of which species are found 
in almost every sea out of the liinils of the tropics. They 
abound, however, especially in the seas of the Arctic and 
Antarctic regions. They live for the most part upon fish, and 
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when awake, spend the greater part of their time in the water. 
The body is covered with a short fur, interspersed with long 
bristly hairs ; and the lips are furnished with long whiskers, 
which act as organs of touch. The Seals are veiy largely 
captured for the sake of their blubber. 

The only common British Seal is the Phoca vitulina, which 
occnzs not uncommonly on the northern shores of Scotland. 
It is yellowish-grey in colour, and measures from thm to five 
feet in length. Other Seals attain a much greater length — ^the 
Great Seal measuring from eight to ten feet, and the Botde- 
nosed Seal reaching a length of from twenty to twenty-five feet 
The only Seals which possess external ears constitute the genus 
Otaria^ and are almost exclusively confined to the seas ^ the 
southern hemisphere. 

The second family of the Pinnigrade Carnivores is that of 
the TrichecidcB^ comprising only the Walrus or Morse {Trich- 
ecus rosmarus). The chief peculiarity by which the Walrus is 




Itg. 905.— Skull of the Walrus {Trichecus rtystframtiatUrOwtai^ 
$ Tusk-like upper incisors. 

distinguished from the true Seals is found in the dentition. 
According to Owen, there are six indsm in the upper jaw 
and four in Uie lower; but these are only present in the young 
anunal, and soon disappear, with the exception of the outer* 
most pair of upper incisors. The upper canines are enor* 
mously developed, growing from persistent pulps, and consti* 
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tuting two large pointed tusks, which attain a length of over 
fifteen inches (fig. 205). The direction of the tusks is down- 
wards and slightly outwards, and they project considerably 
below the chin. The adult animal has usually three simplie 
molars with flat crowns behind ti)e tusks in the upper jaw; and 
four similar teeth on each side of the lower jaw ; but the first 
<tf tiiese has been regarded as a lower canine. 

Except as regards its dentition^ the Walrus agrees in all 
essential reispects with the Seals* It is a laige and heavy 
animal, attaining a length of from ten to fifteen feet or up- 
wards. The body is covered with short brownish or yellowish 
hair, and the face bears many long stiff bristles. There are 
no external ears. The chief use of the tusk-like canines 
appears to be that of assisting the unwieldy animal to get out 
of the water upon the ice ; but they doubtless serve as weapons 
of offence and defence as well. The Walrus is hunted by 
whalers, both for its blubber, which yields an excellent oil, and 
for the ivory of the tusks. It is found, living in herds, in the 
Arctic seas, being especially abundant at Spitzbergen and Nova 
Zembla. 

SKCiiON II. pLANTiGRADA. — The Camivorous animals be- 
longing to this section apply the whole or the greater part of 
the sole of the;foot to the gromid (fig. 203, A) ; and the por- 
tion of the sote so employed is destitute of hairs in most 
instances (the sole is haiiy in the Polar Bear). 

The typical fiunily of the Plantigrade Camivora is that of 
the Ur sides or Bears, in which the entire sole of the foot is ap- 
plied to the gnnmd in walking. The Ursidce are much less 
purely carnivorous than the majority of the order, and in ac- 
cordance with their omnivorous habits, the teeth do not exhibit 
the typical carnivorous characters. The incisors and canines 
have the ordinary carnivorous form, but the " camassial " or 
sectorial molar has a tuberculate crown instead of a sharp 
cutting edge. The dental formula is — 

3—3 1— i*-^ 4—4 3-3 

^ The daws are large, strong, and curved, but are not retrac- 
tile. The tongue is smooth ; the ears small, erect, and rounded ; 
the tail short ; the nose forms a movable truncated snout ; and 
the pupil is circular. 

As shown by their smooth tongues and tuberculate molars, 
the Bears are not peculiarly or stricdy carnivorous. They eat 
flesh when they can obtain it, but a great part of their food is 
of a vegetable nature. 
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The Bears are' veiy generallx distributed over the globe, 
Australia alone having no representative of the family. The 

common Brown Bear ( C/rsus Arctos) was at one time an inhabit- 
ant of this country, and also existed over the M^hole of Europe. 
At the present day the Brown Bear is only found in the great 
forests of the north of Europe and in Asia. It feeds on 
roots, fruits, honey, insects, and, when it can obtain them, upon 
other Mammals. It attains a great age, and hybemates during 
the ^^^nter months. Ver^- nearly aUied to the Brown Bear is 
the Black Bear of America {Ursus Americanus). Both arc of 
some commercial value, being hunted for the sake of their skins, 
fiity and tongues. A much larger American species is the 
Grizzly Bear {Ursus ferax)^ found in many parts of the Ameri- 
can continent It is about twice as laige as the' ordinary 
Bear, but it is said to subsist to a great extent upon v^etable 
food, .such as acorns. The most remarkable, however, of the 
bears is the great White Bear {Thalassarctos mariHmus\ which 
is exclusively a native of the Arctic regions* It is a very large 
and powerful animal, the fur of which is quite white. The 
paws are very long, and the soles of the feet are covered "with 
coarse hair, giving the animal a finn foothold upon the ice. 
The Polar Bear differs from the other Ursidtz in being exclu- 
sively carnivorous, since vegetable food would be wholly un- 
attainable. It is as much at home in the water as on land, 
and lives chiefly upon seals and fish, and upon the carcases 
of Cetaceans. 

It is a singular fact that the bones of a bear — ^the Ursus 
spdmus or Cave Bear — ^have been found in Britain and in many 
parts of Europe, along with the bones of other Camhara^ such 
as the Cave lion and Cave Hyaena. The Ursus spdmus was 
a larger and more powerful animal than even the Polar Bear^ 
and there can be no doubt that it existed in the earlier portion 
of the human period. 

Nearly allied to the true bears axe several small animals, of 
which the Racoons {Procyon\ the Coati {Nasua), the Wah 
{Ailurtis), and the Kinkajou {Cercolcptes) are the best known. 
The Racoons are natives of tropical and northern America, 
and have a decided external resemblance to the Bears. They 
have tolerably long tails, however, and sharp muzzles. The 
commonest species is the Procyon lotor of North America, which 
derives its specific name from its habit of washing its iuod 
before eating it. The place of the Racoon is taken in India 
by the Wah (Ailurus fulgms), which inhabits northern Hmdo- 
stan. It is about the size of a laige domestic cat» and is very 
prettily coloured^ being chestnut brown above^ and black in* 
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feriorly, with a white face and ears. The Kinkajous 
lepies) are inhabitants of South America, and as is the case 
with so many of the animals of this continent, they are adapted 
for an arboreal life, to which end their tails are prehensile. 
The Coatis [Nasua) are very closely allied to the Racoons, 
and are exclusively confined to the American continent. All 
the above-mentioned Httle animals (with the exception of the 
Wah) present a singularly close resemblance to the Lemurs of 
the Old World, and appear to be their representatives in the 
western hemisphere. 

The only remaining family of the Flantigrada is that of the 
MdUbB or Badgers, characterised by their elongated bodies 
and short legs, and by the fact that the camassial tooth has a 
partly cutting edge, and is not wholly taberculate as in the Bears* 

The common Badger (Mdes iaxtts), which may be regarded 
as the type of this group, occurs in Britain, and is one of the 
most inoffensive of animals. It is nocturnal in its habits, and 
is a very miscellaneous feeder, not refusing anything eidible 
which may come in its way, though living mainly on roots and 
fruits. The Badger burrows with great ease, and can bite very 
severely. The Glutton ( Gu/o Arcticus), often called the Wolve- 
rine, is of common occurrence in the northern parts of Europe, 
Asia, and America. It is from two to three feet in length, and 
though doubtless a tolerably voracious animal, it is certainly 
not so much so as to deserve the name of Glutton. The 
Ratels or Honey-badgers (Mellivora) are much like the com- 
mon Badger in their habits and appearance, but they get their 
name from their fondness for honey. They are natives of 
southern and eastern Afirica. 

Section IIL Digxtigrada. — ^Inthls section of the Camhora 
the heel is raised above the ground, with the whole or the 
greater part of the metacai|ms, so that the animals walk more 
or less completely on the tips of the to^ (fig. 203, G). No 
absolute line, however, of demarcation can be drawn between 
the Plantigrade and Digitigrade sections of the Carnivora, 
since many forms (e. j^., Mustelidce and ViverridcB) exhibit transi- 
tional characters, and it has even been proposed to place these 
in a separate section, under the name of Semi-plantigrada, 

The first family of the Digitigrada is that of the Musteltdfjs 
or Weasels, including a number of small Carnivores, with short 
legs, elongated worm-like bodies, and a peculiar ghding mode 
of progression (hence the name oi' Vermiformes^ sometimes 
applied to the group). Amongst the best known of the Mus* 
tdida are the common Weasel {UuMa vulgaris), the Pole-cat 
(MuMa pidmui)^ and the Ferret, the last being only an albino 
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variety of one of the Pole-cats. Many of the MusielidcR are of 
great commercial importance, furnishing beautiful and highly- 
valued furs. Amongst these are the jhjrmine (Musteia erminea) 
and the Sable {Mustela zibellind). 

Almost all the Weasels have a very disagreeable odour, pro- 
duced by the secretion of greatly-developed and modified 
sebaceous glands, placed in the neighbourhood of the anus, 
and known as the anal glands. In this respect, however, the 
nearly-allied genus Mephitis^ comprising the American Skunk, 
is faciU princ^. The Skunk is a pretty little animal, with a 
long bui&y tail, and when unmolested, it is perfectly hannless. 
If pursued or irritated, however, it has the power of ejecting 
the secretion of the anal glands to a greater or less distance 
with considerable force. The odour of this secretion is 
so powerful and persistent that no amount of washing will 
remove it from a garment, and its characters are said to be of 
the most intensely disagreeable description. 

Also belonging to the family of the Mnstelidoi and very 
nearly allied to the Weasels, are the Otters (Zz//m), distinguished 
by the possession of webbed feet adapted for swimming. The 
common Otter {Lutra vulgaris) is a native of Britain, frequent- 
ing the banks of streams and lakes. It lives upon hsh, and is 
highly destructive to Salmon. 

The second family of the Semi-plantigrade Carnivores is that 
of the VwerridiBf the Civets and Genettes. They are all of 
moderate size, with sharp muzzles and long tails, and more or 
less striped, or banded, or spotted. The camassial molar is 
trenchant; the canines are long, sharpy and pointed; and the 
tongue is roughened by numerous prickly papilhe. The daws 
are semi-retractile, and the pupils can contract^ on exposure to 
%ht, till they resemble a mere line. In most of their charac- 
ters, dierdbre, the Civets are much more highly carnivorous 
than are any of the preceding families, and they approach in 
many respects'ver}' close to the typical p;roup of the Digitigrada 
(viz., the FeiidcE) \ having especially very close affinities with 
the Hyaenas. All the species of the family are furnished with 
anal glands, which secrete the peculiar fatty substance known 
as " civet." 

The true Civet cat is the Viverra civetta, a native of Africa, 
It is a small nocturnal animal, whieh clinibs trees with facility, 
and feeds chiefly upon small mammals, reptiles, and birds, but 
also upon roots and fruits. It furnishes the greater part of the 
civet" of commerce, which was formerly in great repute both 
as a perfume and as a medicinal agent The Genette {Viverra 
' gmeita) is very closely related to ti^e preceding, and is a native 
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of Africa and southern Europe, being not uncomnionly do- 
mesticated and kept like a cat. Another nearly-allied species 
is the Ichneumon {Herpestes\ which is kept as a domestic ani- 
mal in Egypt, and lives upon Snakes, Lizards, the eggs of the 
Crocodile, and small Mammals. 

Forming a transiLion between the Vivcn-id(Z and the Felida 
is the family of the Hycsnida, distinguished by the fact that, 
alose -of all the Camivora, both pairs of feet have only four 
toes each. The hind-legs are shorter than the fore-legs, so that 
the trunk sinks towards the hind-quarters, and the tail is short 
The tongue is rough and prickly. The head is extremely 
broad, the muzzle rounded, and the muscles of the jaw 
extremely powerful and well developed. The claws are non* 
retractile. All the molars axe trenchant except the last upper 
molar, which is tuberculate. 

There are two well-known species of Hysena, and the whole 
group is exclusively confined to the Old World. The best 
known species is the Striped Hyxna (Hycena striata), which is 
found in North Africa, Asia Minor, Arabia, and Persia. It is 
an ill-conditioned ferocious beast, but will not attack man 
unless provoked. The Spotted Hyaena {H. crocuta) occurs 
solely in Africa, being especially abundant in Ca]je Colony. 
If the so-called Aardvvolf (Froteks) is to be placed amongst the 
Hyaenas^ as is generally done, then the characters to be drawn 
from the feet are not invariable; smce this singular animal has 
die fore-feet furnished with five toes, whilst ti&e hind-feet are 
tetradactylous (as is the case in the Dogs). 

An extinct Hyaena, considerably larger than either of the 
living forms, formerly existed in Britain and in variousL parts 
of Birope. It is known as the Cave Hyaena {H, spekea), its 
remains having been principally found in caves. 

The next family is that of the Canidce, comprising the Dogs, 
Wolves, Foxes, and Jackals. The members of this family are 
characterised by having pointed nnizzles, smooth tongues, and 
non-retractile claws. The lore-feet have five toes each, 

the hind-feet have only four. The molar teeth are - — , 

« 7 — 7 

sometimes these, two or three on each side are 

tuberculate. 

The true Dogs the Dog and Wolf) have round pupils, 
and a tail wliich is of moderate lenp^th and rarely very hairy. 
1 lie Foxes ( Vulpes) have very long biibhy tails, and the pupil 
contracts to a mere line. 

The Dog ( Cants famiHaris) is only known to us at the present 
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day as a domesticated animal. Such ^\'ild dogs as there are, 
are probably merely derived from the domestic dog ; and the 
original stock, or stocks, from which our numerous varieties of 
dogs have sprung, is still uncertain. It is worth while remem- 
berings however, all our varieties of dogs are capable of inter« 



breeding; and there is a strong probability that the Wolf is the 
parent stock of at least some of our domestic breeds. The 
Dog, in fact, will interbreed with both the Wolf and the Jackal. 

The genus Canis^ besides the Dog, contains the well-known - 
Jackal ( Canis aureus)^ and the Wolf ( Canis lupus)^ and many 
writers place the Foxes in the same genus. The Foxes, how- 
eva*, are better considered as forming a separate genus ( Vulpes), 
of which tiiere are many species, all more or less like the com- 
mon Fox {Viilpes vi4gaHs), One of tiie most itmarkable 
species is the Arctic Fox, which abounds in the Arctic regions, 
and changes its colour with the season, being brown in sum- 
mer and white in winter. 

The last grottp of the JDigUigrada is that of the Felida or 
Cat tribe, compnsing the most typical members of the whole 
order of the Camivora^ such as the Lions, Tigers, Leopards, 
Cat, and Panthers. The members of this family all walk upon 
the tips of their toes, the soles of the feet being hairy, and the 
whole of the metacarpus and heel being raised above the 
ground (fig. 203, C). The jaws are short, and, owing to this 
fact, and to the great size of the muscles concerned in masti- 
cation, the head assumes a short and rounded form, with an 
abbreviated and rounded muzzle. The molars and praemolars 
are fewer in number than in any other of the Camivora (hence 
the shortness of the jaws), and they are all trenchant, except 
the last molar in the npper jaw, which is tuberculate. Accord- 
ing to Owen, the dental formula is — 




Fig; M6.--SkuU of Jackal if:«mk Mim$$), 
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The legs are nearly of equal size, and the hind-feet have 
only four toes each, whilst the fore-feet have five. All the 
toes are furnished with strong, curved, retractile claws, which, 
when not in use, are withdrawn within sheaths by the action of 
elastic ligaments, so as not to be unnecessarily blunted. The 
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tongue is roughened and rendered prickly by the presence of 
homy papillae, thus rendering it a most efficient rasp in lick- 
ing the flesh firom the bones of the prey. All the members of 
this group are exceedingly light upon ihek feet» and are exces- 
sively muscular, and they have all the habit of seizing ^eir 
prey by suddenly springmg upon it 

It is questionable if any good genera have hitherto been 
established in this family, and all the species may be considered 
as belonging to the single genus jFd/is. 

The Lion (Fe/is leo) is too well known to require much spe- 
cial notice. Its colour is always uniform, generally a yellowish 
or reddish brown. The tail is terminated by a tuft of long 
' hairs, and the male is usually furnished with a mane, which is 
very short, however, in an Indian form. The Lion is exclu- 
sively confined to the Old World, and is an inhabitant of Africa 
and all the southern parts of Asia, It is doubtful how far any 
valid species of Lions have as yet been established. The 
Lions are all nocturnal, and capture their prey by suddenly 
leaping up<m it They are by no meads &e generous and 
courageous animals diey are generally consider^ to be; but, 
on the contrary, are cruel, cunning, and cowardly. They are 
enormously strong, and it is said that a full-grown Lion can 
run, and even leap, though canying an ox in its jaws. Though 
now much restricted in its range, the Lion had formerly a much 
more extensive distribution, a form considerably la4;er than 
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the modem species having formerly existed in Europe, and 
even in Britain {Fe/is spdaa). 

In the Tigers {Felts tigris\ the tail is without a tuft of hairs 
at its extremity, and the skin is marked with stripes or spots. 
The Royal or Bengal Tiger is a native of southern Asia, but 
occurs also in Java and Sumatra. The skin is reddish yellow, 
marked with numerous transverse black stripes. It is a large 
and powerful annual, and, upon the whole, is probably a more 
dangerous opponent than even the Lion. 

Of the large Spotted Cats, tlie largest is the Jaguar {Felts 
onca) which inhabits South America and the southern parts of 
North America. It is a veiy laige and powerful animal, said 
to be able to cany a btiUock without difficulty, and it can both 
swim and climb with great duality. Anotlier American species 
is the Puma emtoht^ in which the colour is uniformly 
reddish brown. It is exclusively confined to America, and 
though of laige size (nine feet in length, including the tail)^ it 
is a very cowardly species, and is seldom or never known to 
attack man. 

The Leopard {Felis leopardus) is another well-known species, 
smaller than the Tiger, and marked with black spots in place 
of stripes. It is a native of ail the warmer parts of the Old 
World. 

Of the smaller Felidcp,^ the best known are the Lynxes and 
the Cats, properly so called. Of these the Lynxes are distin- 
guished by their short tails, and by the fact that the ears are 
furnished with a pencil of hairs. Several species are known 
inhabiting the Old World. In the true Cats {Fdis catus)^ the 
tail is long, and the ears are not tufted. The Wild Cat focmerl^ 
existed in Britain, but is now extinct in ibis countiy, though it 
still occurs in Europe, especially in the Hartz and Carpathian 
Mountains. It is a large and fierce animal, and appears to be 
quite a match for any man not possessing firearms. It seems 
tolerably certain that the Wild Cat is not the original stock of 
the domestic cat^ the exact origin of which is uncertain. 



CHAPTER LXXX. 

RODENTIA. 

Order X. Rodentia. — The tenth order of Mammalia is 
that of the Rodentia^ or Rodent Animals^ often spoken of as 
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Glires, compriang the Mice, iUts, Sqimrels, RabbitSy Hareis^ 
Beavers, &c. 

The Rodentia are characterised by the possession of two 
long curved incisor teeth in each jaw, separated by a wide in- 
terval from the molars. The lower jaw never has more than 
two of these incisors, and the upper jaw very rarely ; but some- 
times there are four upper incisors. There are no canine 
teeth, and the molars and praemolars are few in number (rarely 
more than four on each side of the jaw). The feet are usually 
furnished whh five toes each, all of whidi are aimed with claws ; 
and the hallux, when present, does not differ in form from the 
other digits. The testes pass periodically from the abdomen 
into a tempoiaiy scrotum, and die plac«ita is discoidal and 
deciduate. 

The most diaracteristic point about the Rodents is to be 
found in the stractore of die incisors^ which are adapted for 
continuous gnawing — hence the name of Rodentia. The in- 
cisor teeth are commonly two in each jaw, and they grow from 
persistent pulps, so that they continue to grow throughout the 
life of the animal. They are large, long, and curved (fig. 208, 
B), and are covered anteriorly by a plate of hard enamel. The 
back part of each incisor is composed only of the comparatively 
soft dentine, so that when the tooth is exposed to attrition, the 
soft dentine behind wears away more rapidly than the hard 
enamel in front The result of this is that the crown of the 
tooth acquires by use a chisel-like shape, bevelled away be* 
hindy and the enamel forms a persistent cutting edge (fig. 208). 




Fi(. 208.- A, Skull of the T?e.iver (after Owen). B, Diagram of the incisor tMlh of 
a Rodent, showing the chi&cl-shapcd point : a Enamel; d Dentine. 

The gnawing action of the incisors is assisted by die articu- 
latioh of the lower jaw, the condyle of which is placed longi- 
tudmally and not transversely, so that die jaw slides backwards 
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^uid forwards. The Rodents are almost all very small animals; 
and they are mostly very prolific. They subsist principally, if 
not entirely, upon vegetable matters, especially the harder jjarts 
of plants, such as the bark and roots. Many of them possess 
the power of building elaborate nests, and most of them hyber- 
nate. They are very generally distributed over the whole 
world, but no member of the order has hitherto been detected 
in rocks older than the Eocene Tertiary. 

The Order Rodentia comprises a very large number of fami- 
lies, only the more important of which can be noticed here. 

Fam. I. Leporid^^' — ^In this family are die Hares {Lepus 
Hmuius)t and Rabbits (Lepus cumeulus), distinguished amongst 
the Kodents by the possession of two small incisors in Sie 
upper jaw, placed behind the central chisel-shaped indsois, so 
that there are four upper incisors in all. The molars and prae* 
molars are rootless, and the dental formula is — 

3=3. ^,3=3^28. 

I— I 0--0 ^ 2—2 3—3 

The clavicles are imperfect The fore-legs are furnished 
with five toes, and are considerably shorter than the h nd-legs, 
which have only four toes. The two orbits communicate by 
an aperture in the septum. Generally there is a short erect taiL 

The rommon Hare (Lepus Hmidus^ is dispersed over the 
whole of Europe, but is not met with m Sweden and Norway, 
its place there being taken by the Mountain-hare (white in 
winter), which occurs commonly in Scotland. As a rul^ the 
Hares occur in temperate regions, but some are found in Africa, 
and one species {Lepus gladalis) is a native of the Arctic 
regions. The Rabbit is also a native of temperate regions, but 
appears to thrive, to a more than average extent, in Australia. ■ 

Fam. 2. Cavidm. — As examples of this family may be taken 
the Capybara (Hydrochcenis capybara)^ and the Guinea-pig 
[Cavia aperoea). In this family the body is cu\ cred with hair, 
without spines, and the tail is rudimentary. 1 he Capybara is 
the largest of living Rodents, attaining a length of three or 
four feet It is a South American form, leading a semi-aquatic 
life, to which end the feet are incompletely webbed. It is a 
harmless stupid animal, and is not unlike a small pig in ap- 
pearance. The Cavia apercea is likewise a South American 
animal, and is believed to be the parent stock of die Guinea^ 
pigs so often kept as domestic pets in Europe; 

Mm. 3. Hyshiddmj—^Xk this family are the well-known 
Porcupines, distinguished from the other Rodents by the fact 
that the body is covered with long spines mixed with bristly 
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hairs. They have four molars on each side of each jaw, and 
they possess imperfect clavicles. 

The true Porcupines {Hystrix) have non-prehensile tails, 
which are mostly furnished with long hollow spines, but some- 
times with scales and bristles. They are found in both the 
Old and New World, but the American species differ in several 
respects from those of the eastern hemisphere. They are all 
inhabitants of hot climates, with the exception of the common 
Porcupine (H. erisUUa) which occurs in southern Eun^ and 
in the north of Afiica. 

^ The nearly-^lied genus CentMes is South American, and 
it is distinguished fiom the preceding by the possession of a 
long prehensile tail In fact, CercoStbes^ like so many of the 

inhaljitants of this wonderful continent, is adapted for an arbo- 
real life, instead of being confined to the ground 

Fam, 4. Castoridte. — The best-known example of this family 
is the Beaver ( Ckf/^r fiber). The distinctive peculiarities of the 
family are the possession of distinct clavicles, the possession of 
five toes to each foot, and the fact that the hinder leet are 
webbed, adapting the animal to a semi-aquatic life. 

The Beaver is a large Rodent, attaining a length of from 
two and a half to three feet. Naturally it is a social animal, 
living in societies, and this is still the case in America ; but in 
northern Europe and Asia, where the animal has been much 
hunted, it leads a s61itaiy life. When living in social commu- 
nities tiie beavers build dams across the rivers^ as well as habitap 
tions fOT themselves, by gnawing across the branches of trees or 
shrubs, and weaving them together, the whole being afterwards 
plastered with mud. In this last operation the tail, which is flat- 
tened and scaly, is employed very much as a mason uses his 
trowel. There is no doubt but that the Beaver shows extrap 
ordinary ingenuity in these and similar operations ; but there 
can be equally little doubt as to the greatly-exaggerated stories 
which have been set afloat in this connection. The Beaver is 
hunted chiefly for the sake of the skin, but also for the substance 
known as castoreum. This is a fatty substance, secreted by 
peculiar glands, and employed as a therapeutic agent 

There are two other members of the Castorida which are 
likewise largely captured for the sake of their skins. One of 
these is the Musquash {Fiber Zibethicus), which inhabits North 
America, and the other is the Coypu {Myopotamus coypus^^ 
which inhabits burrows in the banks of rivers in ChiE It is 
distinguished from tiie true Beaver by having a hairy and not 
a scaly taiL 

Fam, 5. Jtftfrufte.— -The fifth lamily of Rodents is that of 
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the Murid£€, comprising the Rats, Mice, and Lemmings. In 
this family the tail is long, always thinly haired, sometimes 
naked and scaly. The lower incisors are narrow and pointed, 
and there are complete clavicles. The hind-feet are furnished 
with five toes, the fore-feet with four, together with a rudi- 
mentary poUex. 

The Rats (Mus rattus and Mus decumanus\ the common 
Mouse {Mus musculus), the Field-mouse {Mus syhnstkus)^ and 
the Harvest-mouse {Mus messarius), are all well-known British 
examples of this family, and are too familiar to require any 
description. 

A less familiar example of this family is the Lemming {Myodes 
Ismmus)* This curious little Rodent is found inhabiting the 
mountainous regions of Norway and Sweden. It is chiefly re- 
markable for migrating at certam periods, generally towards the 
approach of winter, in immense multitudes and in a straight 
line, apparently in obedience to ^ome blind mechanical im- 
pulse. In these journeys the Leiiunings march in parallel 
columns, and nothing will induce them to deviate from the 
straight line of march. 

Juim. 6. Dipodida. — The sixth family of the Rodents, which 
is sutticicntly important to need notice, is that of the DipodidcK 
or Jerboas, ujainly characterised by the disproportionate length 
of the hind-limbs as compared with the fore-limbs. The tail 
also is long and hairy, and there are complete davicles. The 
Jerboas live in troops, and owing to the great length of the 
hind-legs, they can leap with great activity and to ^reat dis- 
tances. They are all of small size, and inhabit Russia, North 
Africa, and North America. 

Fant. 7. Myoxida, — ^The members of this family are com- 
monly known as Dormice, and they are often included in the 
following family of the Squirrels and Marmots. They only re- 
quire to be mentioned, they must not be ronfounded with 
the true Mice (Afuridce) on the one hand, or the Shrew-mice 
{Soricidce) on the other ; the latter, indeed, belonging to an- 
other order {Inseetivora). The common Dormouse (Mvoxus 
(wdlanarius) is a British species, and must be familiarly known 
to almost everybody. 

Fain. 8. SciundiZ. — This is the last family of Rodents which 
calls for any special mention, and it comprises the true Squir- 
rels, the Flying Squirrels, and the Marmots. 

The true Squirrels {Sdund) are familiarly known in the 
person of our own common species {^Sdurus vuigaris). Numer* 
ous species more or less closely allied to our Squirrel occur in 

VOL. II. 2 M 
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other countries^ and they are especially abundant in North 

America. 

In the genus Pkromys, or Flying Squirrels, there is a peculiar 
modification by which the animal can take extended leaps 
from tree to tree. The skin, namely, extends in the form of a 
broad membrane between the hind and fore legs, and this acts 
a$ a kind of parachute, supporting the anima] in die air. There 
is, however, no power whatever of tme flight, and the structure 
is identically &e same as what we have previously seen in the 
Flying Phalangers {P€iaurus\ which take the place of the 
Flying Squirrels on the Australian continent The Flying 
jSquirrels are found in sottthem Asia, Polynesia, the north-east 
of Europe, and Siberia. 

The Marmots {Arctomys), unlike the true Squirrels, aiC ter- 
restrial in their habits, and live in burrows. Various inter- 
mediate fomr^, however, are known by which a transition is 
effected between the typical Squirrels and the Marmots. There 
are numerous sj iccies of this family inhabiting various parts of 
Europe and nurthem Asia, and generally distributed over the 
whole of North America. 



CHAPTER LXXXI. 

CHEIROPTERA. 

Order XI. Cheiroptera. — This order is undoubtedly " the 
most distinctly circumscribed and natural group " in the whole 
class of the Mammalia, In many respects, however, it would 

be advantageous to regard the Cheiroptera as a sub-order of 

the next order (namely the Tnsedivord) specially modified to 
lead an aerial life; just as the Finnigrada art regarded as a 
mere section of the Carnivora specially modified to suit an 
aquatic life. 

The Cheiroptera are essentially characterised by the fact that 
the anterior limlis are longer than the posterior, the digits of 
the lure-limb, with the exception of the poUex, being enor- 
mously elongated (hg. 209). These elongated fingers are 
united by an expanded membrane or patagium," which is 
also extended between the fore and hind hmbs and the sides 
of the body, and in many cases passes also between the hind- 
limbs and the taiL Tne patagium thus formed is naked, 
or nearly so, on both sides, and it -serves for flight. Of the 
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fingers of the hand, the pollex, and sometimes the next finger 
as well, are unguiculate, or furnished with claws; but the other 
digits are destitute of nails. In the hind-limbs all the toes are 
unguiculate, and the hallux is not in any respect different from 
the other digits. Well-developed clavicles are always present, 
and the radius has no power of rotation upon the ulna. The 
mammary glands are two in number, and are placed upon the 
chest, 'rhere are teeth of three kinds, and the canines are 
always well developed. The Cheiroptera are cosmopolitan in 
their distribution, and the oldest known species is from tlie 
Eocene Rocks. 

The Bats are all crepuscular and nocturnal in their habits, 
and are sometimes cainivorousy sometimes frugivorous. The 
eyes are small, but the ears are veiy laige, and their sense of 
touch is most acute. During the day they reth-e to caves or 
crevices amongst the tocks, where they su^end themselves by 
means of the short thumbs, which are provided with curved 
daws. In their flight, though they can fly in the genuine and 
proper sense of the teim, and can turn with great ease, they 




Fig. 909.-~Skeletoii <tf Fox-bat (JPUn^y^^ia Owm. 



are by no means as rapid and as active as are the true birds. 
The tail is sometimes short, sometimes moderately long, and 
is usually included in a continuatioQ of the leathery patagium, 
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which stretches between the hind-legs, and is termed the " in- 
ter femoral membrane." The body is covered with hair, but 
the patagium is usually hairless, or nearly so. Most of the 
Bats hybemate. 

The Cheiroptera are conveniently divided into the two 
sections of the Insectivora and Frugivora, according as the diet 
consists of insects or of fruits. 

Section A. Insectivora. — In this section are the three 
fimoDies of the VesperHHomday Rhinolophida^ and PhyHos- 
iomida. 




Ftg. «a— A, Head of Vampire-bat {Alecio/>s nter). B, Head ofFoK-lwt 
{JPUro^us j^rnmatus}—aStKt Gray. 



Fam. T. Pesperiiiionida, — In this family are the ordinaiy 
Bats, distinguished by having a dentition very like that of the 
order of the Insectivorous Mammals, the molar teeth being 
furnished with small pointed eminences or cusps, adapted for 
crushing insects. The nose is not furnished with leaf-like 
append^;eSy and the tail is usually dongated and enclosed in 
a large inter-femoral membrane. About fifteen species of this 
family have been described as British, but of these only two 
are at all common. Of these two, the Pipistrelle ( Vespertilio 
pipistrella) is the commonest species, occurring over the whole 
of Britain. The long-eared Bat (Fkcotus auritus) is also not 
uncommon, and is distinguished by its greatly elongated ears, 
which are confluent above the forehead. The largest British 
species is the Noctule ( Vespertilio noctida), which measures as 
much as fifteen inches in expanse of wing. 

Fam. 2. Rhinolophida. — The second family of the Insec- 
tivorous Bats is that of the Rhinolophida or Horse-shoe Bats, 
which in most respects are very similar to the VisperHUamd^ 
but are distinguished by the possession of a complex leaf-like 
sipparatns appended to the nose. Of this family, two British 
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species are kno'WTi — the Greater and Lesser Horse-shoe Bats 
{Rhinolophus ferrum-equmum and R. hipfyosirleros). 

Fam. 3. Phyllostotn uicz. — This is the only remaining family 
of the Insectivorous Bats, and comprises the well-known Vam- 
pire-bats (fig. 210, A) distinguished by having leaf-like nasal 
appendages, and by the fact that the ears are of small size ; 
whereas in the preceding they are always very large {Rhinoh- 
phus\ and are ofLen confluent above the forehead {Megaderma.) 
They are all of large size, and are natives of South America. 
The Vampixe-bat (Phylloshma spectrum) has an expanse of wing 
of two feet and a haUj and lives chiefly upon insects. It also 
has the habit of sucking the blood of sleeping animals, appear- 
ing sometimes to attack even man, though apparently never 
domg any substantial or lasting injury. 

Section B» Frugivora. — In the fruit-eating section of the 
Cheiroptera are only the PteropidcB or the Fox-bats, so called 
from the resemblance of the head to that of a fox (fig. 210, B). 
The head in these bats is long and pointed. The ears nre 
of moderate size, and the nose is destitute of any appendages. 
Cutting incisors and canines are present in both jaws, and the 
Fox-bats do not refuse to eat small birds or mammals. They 
live, however, mostly upon fruits, and the molars are therefore 
not cuspidate, but are furnished with blunt tubercular crowns. 
The tail is very short, or is eiiiircly absent The rtcropuUe are 
amongst the largest of the Bats, — one species — the Fteropus 
eduliSf or Kalong — ^attaining a length of from four to five feet 
from the tip of one wing to that of the other. The Pttrapidm 
are especially chaiacteristic of the Pacific Archipelago— Java, 
Sumatra, Borneo, &c. — ^but they also occur in Asia, Australia, 
and Africa. 



CHAPTER LXXXII. 

INSECTIVORA. 

Order XII. Insectivora. — The twelfth order of Mammals 
is that of the Inseciivora, comprising a number of small Mam- 
mals which are very similar to the Rodents in many respects, 
but want the peculiar incisors of ihat order, and are likewise 
ahvays furnished witli clavicles. 

In the Insectivora^ all the three kinds oi teeth are usually 
present, but the exact nature of the dentition varies considei> 
ably in different cases. The incisors and canines present little 
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special, but the molars are always furnished with numerous 
small-pointed eminences or cusps, adapted for crushing insects. 
With one exception, clavicles are always present in a complete 
form. All the feet are usually furnished with five toes ; all the 
toes are furnished with claws ; and the animal walks on the 
soles of the feet, or is plantigrade. The testes pass periodically 
from the abdomen into a temporary scrotum ; and the placenta 
is dectduate and discoidal They are all of small size, and are 
found eveiywhere, except m the continents of South America 
and Austnuia, where their place is filled by Marsupials. 

The three leading &milies of the 
are the Talpida or Moles, 
the SoricidcR or Shrew-mice, and the 
Erinacada or Hedgehogs. 

Fam. I. Talpida, — The body in 
this family is covered with hair ; the 
feet are formed for digging and bur- 
Fig, an.— insectivora. Skull of Towing, and the tocs are furnished 

SL*jT«juS> ^^"^ ^^^^ ^^^^"S curved claws. There 

are no external ears; and the eyes 
in the adult are rudimentary, and more or less completely 
useless as organs of vision. 

The common Mole {Talpa EuropcBo) is the only British 
species of the famDy, and a representative form (Condylura) 
occurs in North America. One of the most remarkable of the 
Talpidm is the Ciolden Mole {Chrysochhris aureus) of Afirica. 
In form and habits tiiis species resembles the common Mole, 
but tiie hairs of the fur have the property of dispersing the 
rays of light, and thus of giving rise to beautiful metallic 
colours, such as are produced by the "set©" of the Sea-mice 
(Aphrodite) amongst the Annelides. 

JFam. 2. Sarieidce. — The Soridda or Shrew-mice are distin- 
guished by having the body covered with hair, and the feet not 
adapted for digging ; whilst there are external ears, and the 
eyes are well developed. Of all the Insectivora^ no division is 
more abundant or more widely distributed than that of the 
Shrew-mice. In general form and appearance the Shrews very 
closely resemble the true Mice (Muridce) and the Dormice 
{Alyoxida), but they are in reality widely different, and must 
not be confounded with them. The common Shrew {Sorex 
araneus) and the Water-shrew {Sorex fodiens) are both well- 
known species of this &mily. The smallest known Mammal 
is one of the Sluews {Sorex Eiruscus), which is not more than 
two and a half inches in length, counting in the taiL 

Fam. 3. Ermaceida. — ^The last £unily of the ImecHvora is 
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that of the Hedgehogs, chaiacterised by the fact that the 
upper part of the body is covered with prickly spines, the feet 

are not adapted for digging, and they have the power of rolling 
themselves into a ball at the approach of danger. The common 
Hedgehog (Erincueus ILuropaus) is in every way a typical 
exannple of this family, but is too well known to require any 
description. 

GALEOPITHSCm^ 

Before passing on to the Quadrumatia^ mention must be 
made here of a very singular animal which forms a kind of 
connecting link between the orders of the Imedimra and 
Quadrumana^ having been sometimes placed in the one and 
sometimes in the other, or having been r^;arded as the type 
of a 8^»rate order. The order includes only the single genus 
GaleopithecuSy comprising the so-called " Flying Lemurs." All 
the Gako^Uked inhabit the Indian Archipelago, biit the best 
known is the Gakopithecus volans of Java, Sumatra, and 
Borneo. The most characteristic point in this singular animal 
is the presence of a flying-membrane, presenting some super- 
ficial resemblance to the patagiiim of the Bats, but in reality 
very much the same as the integumentary expansions of the 
Flying Squirrels and Flying Phalangers. This membrane in 
the Galeopithecus extends as a broad expansion from the nape 
of the neck to the arms, from the arms to the hind-legs, and 
from the hind legs lo the tail, forming an inter-fc moral mem- 
brane. The fingers are not elongated, and do not support a 
patagium, as in the Bats, so that &e animaJs have no power of 
true flight, and can simply take extended leaps from tree to 
tree. The feet are fumuhed with five toes each, united by a 
membrane, but neither the hallux nor the poUex are opposable 
to the other digits. The dentition is complicated, and consists 
of incisors and molars, and, according to Owen, canines also, 
the dental formula being-* 

. 2 — 2 I— I . 2 — 2 3 — 3 

t ; c — ; pm ; m ^ — ^ = 34. 

3—3 i—i 2—2 3—3 

The Gakopitked live chiefly upon small birds and insects, but 
also partially upon firuits. 
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CHAPTER LXXXIIL 
QUADRUMANA. 

Order XIIL Qvadrumana. — ^The tiiirteentfa order of Mam- 
mals is that of the Quadrumana^ comprising the Apes, Mon- 
keys, Baboons, Lemurs, characterised by the following 
points : — 

The hallux (innermost toe of tiie hind-limb) is separated 
from the other toes, and is opposable to them, so that the 
hind-feet become prehensile hands. The pollex (innermost 
toe of the fore-limbs) may be wanting, but when present, it 
also is usually opposable to the other digits, so that the animal 
becomes truly qtutdrumanous^ or four-handed. 

2 2 X X 

The incisor teeth generally are and the molars ^^3^, 

22 3 3 

with broad and tuberculate crowns. Perfect clavicles are pre- 
sent The teats are two in number, and are pectoral in posi- 
tion, and the placenta is discoidal and deciduate. 

The Quadrumana are divided by Owen into three very 
natural groups, separated from one another by their anatomical 
characlera and by their geographical distributiou as follows : — 

Section A. Strepsirhina. — ^The members of this section are 
characterised the nostrils being curved or twisted, whilst 
the second digit of the hmd-limb has a claw. This section 
includes the true Lemurs and a number of allied fonns. It is 
chiefly referable to Madagascar as its geographical centre ; but 
it spreads westwards into Africa, and eastwards into the Indian 
Aidiipelago. 

SiUim B. Platyrhina, — ^This section includes those Quad- 
rumana in which the nostrils are placed far apart ; the thumbs 

of the fore-feet are either wanting, or, if present, are not oppos- 
able to the other digits ; and the tail is generally prehensile. 
The Platyrhine Monkeys are exclusively confined to South 
America. 

Section C. Caiarhina. — In this section the nostrils are ob- 
lique, and placed close together. The thumb of the fore-limb 
(poUex), With one exception, is present, and is always oppos- 
able to the other digits. The Catarhine Monkeys are restricted 
entirely to the Old World, and, with the single exception of a 
Monkey which inhabits the Rock of Gibraltar, they are exclus- 
iyely confined to Africa and Asia. It is in the Catarhine sec* 
tion of the Quadrumana .tciax we have the highest group of 
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the Monkeys— that) namely, of the Anthropoid or Tail-less 
Apes. 

Strepsirhina. 

This section of the QimdruNiana, as before said, is charac- 
terised by the possession of twisted or curved nosLiils, placed 
at the end of the snout The incisor teeth are generally much 

modified, and are in number ^zf^ ^ ^ » the piaemolars 
are — ^ or - — ^, and the molars are tuberculate. The second 

3 — 3 2 — 2 

digit of the hind-limb has a daw, and both fore and hind feet 
have five toes each, all the thumbs being generally opposable. 
In the true Lemurs, all the digits, except the second toe of the 
hind-feet, are furnished with nails. 

This section is often called that of the PrasimuB, and it in- 
cludes several families, of which the Aye^Ayes, Pottos, and true 
Lemurs are the most important. In many works the Galeth 
pithecus is also placed in this section. 

The family of the Aye- Ayes {Cheiromydce) includes only a 
single animal, the Cheiromys Madagascariensis. In appearance, 
the Aye-Aye is not very unlike a large Squirrel, having a hairy 
body and a long bushy tail. There are no canmes, and the 
molars are separated by a wide interval from the incisors. The 
fore-feet have fi v e toes, armed with strong claws, but the pollex 
is scarcely opposable to the other digits. The hind-feet have 
also hve toes, of which the hallux is opposable, and the second 
digit is furnished with a long daw. As far as is yet known, 
the Cheiromys is entirely confined to Madagascar. 

In the Nyciicebida are the Loris and the Pottos, in which 
there is no tail, or but a rudimentary one, the ears are short 
and rounded, and the eyes are laige and are placed dose to- 
gether. The species of this family are all of small size, and 
are exclusively confined to the eastern portion of the Old 
World, occurring in Java, Ceylon, the southern parts of Asia, 
and other localities in the same geographical area. They are 
nocturnal in their habits, living mostly in trees, and feeding 
upon insects ; and from the slowness with which some of them 
progress, they are sometimes spoken of as "Slow Lemurs.'* 

The largest and most important of the families of the Strep- 
sirhina is that of the Lemunda or true Lemurs. In this family 
the muzzle is elongated, the feet are all furnished with oppos- 
able thumbs, and the nails on all tlie toes are liat, with the 
exception of the second toe of the hind-foot, in which there is 
a long and pointed daw* ^ The body is covered with a soft 



Digitized by Google 



554 



MANUAL OF ZOOLOGY. 



fur, and the tail is usually of considerable length, and is 
covered with hair. They are easily domesticated, and though 
capable of biting pretty severely, their disposition is gentle and 
docile. They are mostly about the size of cats, and not unlike 

them in appearance, being often termed " Madagasr:ir cats " 
by sailors. They are found exclusively in the great forests of 
Madagascar, moving about amongst the trees with great activ- 
ity, by means of their prehensile tails. They appear to fill in 
Madagascar the place occupied by the higher Quadrumana 
upon the adjoining continent of Africa. The largest species 
is the Indri, which has very long hind-legs, and stands as 
much as three feet in height 

Platyrhina. 

The section of the Platyrhine Monkeys is exclusively con- 
fined to South America, and one of its leading characters is to 

be found in the almost universal possession of a prehensile 
tail; this being an adaptive character by which they are 
suited to the arboreal life which so many of the South Ameri- 
can Mammals are forced to lead. The nostrils are simple, 
wide apart, and placed nearly at the extremity of the snout 

The pnemokra are ^ — - in number, and have blunt tubercles. 

3—3 

The thumbs of the fore-hands are either wanting altogether^ 
or, if prest'iit, are not opposable. 

The Platyrhine Monkeys are divided into the two sections 
of the HafcUidm and Cdndat* 

Fam. I. HapaUda, — ^In this family ^e number of teeth is 
the same as in the Old Woxld Monkey^ and in Man, but 
there is an additional prsemolar on each side of each jaw, and 
a molar less. Acconung to Owen, the dental fonnula of tlie 
Mannoset is — 

• 2 — 2 I — I . 1 — ^ 2 — 2 

% ; c ; pm ^ — ^ ; m — 32. 

2—2 I — I ^ 3—3 2—2 ^ 

The molars, however, are tuberculate, and though the num- 
ber of teeth is the same as in the Catarhine Monkeys, in their 
other characters the Marmosets are genuine Platyihines. The 
hind-feet have an opposable hallux with a flat nail, but all the 
other toes are unguiculate, and the pollex is hardly opposable. 
The tail is long, but is not prehensile. 

The HafaUda are all small monkeys, mostly about as big 
as Squinrels, and they are exclusively South American, occur- 
ring especially in &aziL The best-known species is the 
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common Marmoset {Hapak paiidUaU^)^ but several species are 
domesticated and kept as pets. 

Fam, 2. Cebida. — In this family are all the typical Platyrhine 

Mon1<:eys, in which the dentition differs from that of the Hap- 
alidtz in having an additional molar, so that the molars are the 
same as in the Catarhina and m Man, but the prsemolars are 
more nmnerous. The dental formula is — 

.2 — 2 I — I . X — 3 'K — ^ 

I c ; pm ^ — ^ ; m ^ — ' — 36. 

2—2 1— I ^ 3—3 3—3 

There are neither cheek-pouches nor " caUostties and the 
face is usually more or less naked, though sometimes whisr 
kered. The tail is long, and is mostly prehensile \ though in 
rare instances it is non-prehensile, and has its extremity clothed 
with hairs. The thumb of the fore-hand may be wanting, and, 
if present, is not opposable. All the fingers are furnished with 
flat nails. Their diet is miscellaneous, consisting partly of in- 
sects and partly of fruit 

The Cebidce. are exclusively confined to the wanner parts of 
South America, in the vast forests of which they are met with 
in large troops, climbing amongst the trees. The Spider 
Monkeys {Ateles), the Howling Monkeys {Mycefes), the Ca- 
puchin Monkey (Cebt^)y and the Squirrel Monkey 
may serve as typical examples of tJiiis section of the Quadru- 
mana, 

Catarhina. 

The third and highest section of the Quadrumam is that of 
the Catarhina or Old World Monkeys. In this section the 
nc^trils are oblique^ and are placed close together, and the 
septum narium is narrow, llie thumbs of all the feet are 
opposable, so that the animal is strictly quadrumanous. In 
Colobus alone the anterior thumbs (poUex) are wanting: The 
dental formula is the same as in man, viz. : — 

.2 — 2 I — I . 2 — 2 3 — 3 

/ : c — ; pm ; m = 32. 

2 — 2 I — I 2 — 2 3 — 3 

The incisors, however, are projecting and prominent, and 
the canines — ^especially in the males — are large and pointed. 
Moreover, the teeth form an uneven series, interrupted by a 
diastema or mtcrval. The tail is never prehensile, and is 
sometimes absent Cheek-pouches are often present, and the 
skin covering the ht^era isehU is almost always callous and 
destitute of hair, constituting the so-called ** natal callosities." 
Widi the single exception of a Monkey which inhabits the 
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Kock of Gibraltar, all the OUarhina are natives of Africa 

and Asia. 

There are three well-marked groups or tribes of the Cata- 
rhine Monkeys. In the first of these the tail is long, and 
there are both cheek-pouches and natal callosities. In this 
tribe is the genus Semmpithecus, all the species of which are 
natives of Asia and its islands. One of the best-known species 
IS tlie Sacred Monkey of the Hindoos {ScmnopUhecus enldlus). 
Closely allied to the Semnoj^itheci is the genus Colobtis^ in 
which alone, of all the Catarhine Monkeys, the pollex is either 
altogether absent or totally rudimentaiy. Also referable to 
this division is the genus Macacus or Inuus (comprising the 
Macaques), which includes most of the Monkeys which are 
ordinarily brought to this country. It is a Macaque which 
occurs at the Rock of Gibraltar, and is the only wild Monkey 
which is found in Europe at the present day. 

The second tribe of the Catarhine Monkeys is that of the 
Baboons {Cynocephalus and Papio). Tn these forms the tail is 
often short, and is often quite rudimentary. The head is large, 
and the muzzle is greatly prolonged, having the nostrils at its 
extremity. The natal callosities are generally large and con- 
spicuous, and usually of some bright colour. The Baboons 
are large strong animals, extremely unattractive in outward 
appearance, and of great ferocit}'. More than anv other of 
the Monkeys, they employ tlie iore-limbs in terrcbtnal pro- 
gression, running upon all fours with the greatest ease. They 
are all inhabitants of Africa, and one of them, the Mandrill 
(Papio Maimm), attains veiy nearly the height of a man. 

The third £unily of the Catarhine Monkeys is that of the 
Anthropomorphous or Anthropoid Apes, so called from their 
making a nearer approach in anatomical structure to man than . 
is the case with any other Mammal. The members of this 
family are Apes, in which there is no tail, and cheek-pouches 
are absent, whilst in some cases there are also no natal callos-^ 
ities. The hind-limbs are short — shorter than the fore-limbs 
— and the animal can progress m an erect or semi -erect 
position. At the same time, the thumbs of the hind-feet 
(hallux) are opposable to the other digits, so that the hind- 
feet are prehensile hands. The spine shows a single curve, 
and articulates with the back part of the skull The canine 
teeth of the males are lung, strong, and pointed ; but this is 
not the case with the females. The structure, therefore, of 
the canine teeth is to be r^arded in the light of a sexual 
peculiarity, and not as having any connection with the nature 
of the food. 
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In thh tribe are the Gibbons {TTylohafes), the Orangoutang 
(Szmia sa(vrus), the Chimpanzee, and the Gonlki. 

The Gibbons form the genus Hylobates^ and they belong to 
southern Asia, and the Indian Archipelago. The anterior limbs 
are extremely long, and the hands nearly or quite reach the 
ground when the animal stands in an erect posture. There is 
no tail, but there are natal callosities. The body is covered 
with a thick fur. One of the best known of the Gibbons is 
the l^amang {HyloMes syndactylus), whidi has been sometimes 
regarded as leaking a nearer approach to man than any other 
of the Monkeys. It is a native of Sumatra. 

In the Qiung (Simia satyrus) there are neither cheek- 
pouches nor natal callosities» and the hips are covered ifvnth 
hair. As in the Gibbons, the arms are excessively long, reach- 
ing considerably below the knee when the animal stands in an 
erect posture. The hind-legs are very short, and there is no 
tail. When young, the head of the Orang is not veiy differ* 




f^. tia.'^A, Skull of die Oiang-ottuuic. B» SkuU of an adult European. 



ent from that of an average European child ; hwt, as the animal 
grows, the facial bones become gradually produced, whilst the 
cranium remains in a tolerably stationary condition ; great bony 
ridges are developed for the attachment of the muscles of the 
jaws and face; the incisors project; and ultimately the muzzle 
becomes as pronounced and well-marked a feature as ui LJie 
typical Camivora (fig. 212, A). The Orangs are all inhabi- 
tants of Soinatra, Borneo^ and the other laiger islands of the 
Indian Archipdaga 

The genus THgkdytes contains the Chimpanzee (7! niger) 
and the Gorilla (71 Gorittay The Chimpanzee is a native of 
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western Africa, and has the arms much shorter, proportionately, 
than in the Gibbons and Orangs. Still they are much longer 
than the hind-limbs, and they reach beneath the knee when 
the animal stands erect. The ears in the Chimpanzee are 
large, and the body is covered with dark-browTi hair. The 
animal can stand erect, but the natural mode of progression is 
on all-fours. The hands are naked to the wrist, and the face 
is also naked and is much wrinkled. 

The Gorilla is ,in most respects die same as the Chimpan- 
see, but is much larger, attaining a height of fully five feet 
The hind-limbs are short, and the ears small. It is an enor- 
mously strong and ferocious animal, and is fouixl in Lower 
Guinea and in the interior of equatorial Africa. The Gorilla 
is now generally rq^aided as the most human of the Anthro- 
poid Apes. 



CHAPTER LXXXIV. 
BIMANA. 

Order XIV. Bimana. — This, the last remaining order of the 
MaMmaUa, comprises Man (Homo) alone, and it will therefore 
require but little notice here, the peculiarities of Man's mental 
and physical structure properly belonging to otiier branches of 
science. 

Zoologically, Man is distinguished firom all other Mammals 
by his habitually erect posture and bipedal progression. The 
lower limbs are exclusively devoted to progression and to sup- * 
porting the weight of the body. The anterior limbs are shorter 
than the posterior, and have nothing whatever to do vnth. pro- 
gression. The thumb is opposable, and the hands are pre- 
hensile, the fingers being provided with nails. The toes of the 
hind-iimb are also furnished with nails, but the hallux is not 
opposable to the other digits, and the feet are therefore useless 
as organs of prehension. The foot is broad and plantigrade, 
and the whole sole is applied to the ground in walking. 

The dentition consists of thirty-two teeth, and these form a 
nearly even and uninterrupted series, without any interval or 
diastema. The dental fonnula is— 

. 2 — 2 I — r ^ 2 — 2 "K^^ 

2—2 I— I 2—2 3—3 ^ 
The brain is more laigely developed and moie abundantly 
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furnished with large and deep convolutions than is the case 
with any other Mammal. The mammae are pectoral, and the 
placenta is discoidal and deciduate. 

Man is the only teirestrial Mammal in which the body is 
not provided with a covering of hair. 

llie zoological or amUomieal distinctions between Man and 
the other Mammals are thus seen to be of no very striking 
nature, and certainly of themsdoes would not entitle us to 
consider Man as forming more than a distinct order. When, 
however, we take into accpunt the vast and illimitable psychical 
differences, both intellectual and moral — differences which 
must entail corresponding structural distinctions — between 
Man and the highest Quadn/mana, it beromes a question 
whether the group Biinana should not have the value of a 
distinct sub-kingdom ; whilst there can be little hesitation in 
giving Man at any rate a class to himsel£ 



CHAPTER LXXXV. 

DISTRIBUTION OF MAMMAUA IN TIME. 

As a matter of course, the remains of Mammals are scanty, 
and occupy but a small space in the geological record, since 
the greater number of the Mammalia are terrestrial, and the 
greater number of the stratified fossiliferous deposits are marine. 

The Mammals, too, are the most highly organised of the entire 
sub-kinc^dom of the Vertebra fa ; and therefore, in obedience to 
the well-known law of succession, they ought to make their 
appearance upon the globe at a later ixriod than any of the 
lower classes of the Vertebrata. Sucli, in point of fact, is to a 
great extent the case; and if the geological record were perfect, 
the law would doubtless be carried out to its full extent. 

It is in the upper portion of the I riassic Rocks — that is to 
say, not long after the commencement of the Mesozoic or 
Secondary epoch — that Mammals for the first time make their 
appearance ; four species being now known in a zone of rocks 
which are placed at the summit of the Trias, just where this 
fonnation begins to pass into the Lias. The earliest of these 
— ^the oldest known of all the Mammals — appears at the upper 
part of the Upper Trias (Keuper) and also at its very summit 
(Penarth beds), and has been described under the name of 
MiavksUs .aniiguiu. The nearest ally of Muralesta amongst 
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existing Mammals would seem to be the Marsupial and insec- 
tivorous Myrmecobius^ or Banded Ant-eater of Australia. As 
only the teeth, however, of Microkstes have hitherto been dis- 
covered^ it 28 impossible to decide positively- whether this 
primeval Mammal was Marsupial or Placental 

The next traces of Mammals occur in the Stonesfield Slate 
(Lower Oolites), and here four species, all of small size, are 
known to occur. Most of these were Marsupial, but it is 
possible that one was placental. They form the geskCOiAmphi- 
iesteSf Amphitherium, Phascolotherium^ and Stereognathtis, After 
the Stonesfield Slate another interval succeeds, in M'hich no 
Mammalian remains have hitherto been found ; but in the tresh- 
watCT formation of the Middle Purbeck, at the top, namely, of 
tht^ Oolitic series, as many as fourteen small Mammals have been 
discovered. These constitute the genera Plagiauiax^ Trico- 
fwdon, and Gakstes. Another gap then follows, no Mammal 
having hitherto been discovered in any porLiou of the Cre- 
taceous series (with doubtful exceptions). 

Leaving the Mesozoic and entering upon the Kainoasoic 
' period, remains of Mammals are never absent from any of llie 
geological formations. From the base of the Eocene Rocks 
up to the present da^r remains of Mammals invariably occur, 
constantly mcreasing in number and importance, till we arrive 
at the fauna now in existence upon the globe. 

The number of known fossil Mammals is so great, and they 
exhibit so many peculiarities and divergences from existing 
forms, that it will be impossible here to do more than simply 
point out the leading facts known as to the distribution of each 
order of Mammals \\\ ])ast time. 

Order I. Monotrcmata. — The Monotremes are not known to 
be represented at all m past time ; and this need not excite 
any surprise, seeing that the order is represented at the present 
day by no more than two genera, both confined to a single 
geographical region. Upon theoretical grounds, however, it 
may be expected that we shall ultimately discover that the 
antiquity of the order Monotremaia is extremely high. 

Order II, Marsupialia, — ^This is probably die oldest of the 
Mammalian orders ; but owing to the detached and fragmen- 
tary condition of almost all Mammalian remains — consisting 
mostly of the ramus of the lower jaw, or of separate teeth — it 
is not possible to state this with absolute certainty. The 
Microlestes of the Trias, the oldest, or nearly the oldest, of the 
Mammals, was probably a Marsupial ; but the evidence upon 
this point is not conclusive. In the Tnassic Rocks of America, 
also, perliaps at a lower horizon than that at which Microlestes 
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occurs in Europe^ has been found the jaw of a small Mammal, 
which is probably Maisupial, and has been named Drma- 
iherium (fig. 213). 




Fig. 213. — Lower jaw of Dromatherium tylvtslre (after Emmons). From rock% 
st^posed to be of Tkiastic age^ in North Caroltoa. 

In the next mammaliferous horizon, however — namely, that 
of the Stonesfield Slate in the Lower Oolites —there is no doubt 
but that some of the Mammalian remnins, if not all, belong to 
small Marsupials (fig. 214). From this horizon the two genera 
FhascolotheriumtmAAmphithcnum^ are almost certainly referable 
to the ATarsupialia ; the latter seeming to be most nearly related 
to the living Myrmccobius^ whilst the former finds its nearest 
living ally in the Opossums of America. The Stereogtialhus of 
the Stonesfield Slate is in a doubtful position. It may have 
been Marsupial, but, upon the whole, Professor Owen is inclined 
to believe that it was placental, hoofed, and herbivorous. 




Fig. 224. — Oolitic Mammals, natural size. i. Lower jaw and teeth qI Phasfoiathtrium ; 
3. dL'tricmodon; 3. o{ Amphitktriumi 4. of PlagUatktx, 

With the occurrence of small Marsupials in England within 
the Oolitic period, it is interesting to notice how the fauna of 
that time approached in other respects to that now inhabiting 

Australia. At the present day, Australia is almost wholly 
tenanted by Marsupials ; upon its land-surface flourish Amu- 
car ice and Cycadaceous plants, and in its seas swims the Port- 
Jackson Shark {Ccstracion Philippi) \ whilst the Molhiscan 
genus Tri^onia is nowadays exclusively confined to the Aus- 
tralian coasts. In En^icland at the time of the deposition of the 
Stonesfield Slate, we must have had a fauna and flora very 
closely resembling what we now see in Australia. The small 
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Marsupials, Amphitherium and Pfuucolotherium^ prove that the 
Mammals were the same in order ; cones of Araucarian pines, 
with tree-ferns and fronds of Cycads occur throughout the 

Oolitic series; spine-be:Tring fishes, like the Port-Jackson 
Shark, are abundantly represented by genera such as Acrodus 
and Sirophodus ; and, lastly, the genus Trigonia^ now ex- 
clusively Australian, is represented in the Stonesfield Slate by 
species which differ little from those now existing. 

In the Middle Purbeck beds (Upper Oolite), where fourteen 
species of Mammals are known to exist, it is probable that all 
were Marsupial. All the Purbeck Mammalia were of small 
size, the largest being no bigger than a pole-cat or hedgehog. 
They form the genera Fhgiaulax, Triamodmy and GaUsies^ of 
which PlagMtUax is believed to be most nearly allied to the 
living Kangaroo-rat {HypHprymnus) of Australia. 

In the Tertiary series of rocks Marsupials are of rare occur- 
rence ; but an Opossum, closely allied to the existing American 
forms, has been discovered in the Eocene Rocks of France 
(Gypseous series of Montmartre), and has been named the 
Didclphys ^psornm. 

The next occurrence of Marsupials is in the later Tertiary 
(Pliocene) and in the Post-tertiary epoch ; and here they are 
represented by some very remarkable forms. The remains in 
question have been found in the bone-caves of Australia — the 
countr}' in which Marsupials now abound above every other 
part of the globe ; and they show thai Auhiralia, al no distant 
geological period, possessed a Marsupial fauna, much re- 
sembling that which it has at present, but comparatively of a 
much more gigandc size. In die remains from the Australian 
bone-caves almost all the most characteristic living Marsupials 
of Australia and Van Diemen's Land are represented ; but the 
extinct forms are usually of much greater size. We have 
Wombats, Phalangers, Flying Phalangers, and Kangaroos, with 
carnivorous Marsupials resembling the recent Jliylacinus and 
Dasyurus. The tvvo most remarkal:)le of these extinct forms 
are Diprotodon and Tliylacoko. In most essential respects 
Diprotodon resembled the Kanc^aroos, the dentition, especially, 
showing many points of affinity. I hr' hind-limbs, however, of 
Diprotodon were by no means so di^inopurtionately long as in 
the Kangaroos. In size Diprotodon must have many times 
exceeded the larefest of the living Kangaroos, since the skull 
measures three iccl in length (fig. 215.) Thylacolco was a 
carnivorous and predacious Marsupial, equally gigantic when 
compared with living forms. TkykuiUo^ in fact, must have 
beeUj on a moderate estimate^ at least as large as a Lion; 
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the largest living carnivorous Marsupial being no larger than 
a shepherd's dog. The flesh-tooth or caznassial molar of 
nykuoieo measures two inches 

and a quarter across, or very 
nearly double the measurement 
of the same tooth in the largest 
existing Lion. 

Order III. Edentata.— T\it 
Edentates, like the Marsupials, 
are singularly circumscribed at 
the present day. No member 

of the order is at the present Fig. ais-skuUofZ?i>n»/<HA»«^i«/mfifc 
day indigenous in Europe. 

Ttopical^fsia and Afirica have the Scaly Ant-eaters or Pangolins; 
and in Africa occurs the Edentate genus Oryderopus, South 
America, however, is the metropolis of the Edentata^ the order 
being there represented by the Sloths, the Armadillos, and the 
true Ant-eaters. It is also in South America that by far the 
greater number of extinct Edentates have been found ; and, as 
in the case of the Australian Marsupials, the fossil foims are 
gigantic in size compared with their living representatives. 

The Sloths i^Bradypodidce) of the present day were repre- 
sented in Post-tertiary times by a group of gigantic forms 
referable to the genera Mylodon^ Megalonyx^ and Megatheriutiu 




f|g. vA.-^M€gatherium. From the Upper Tertiarics of South America (PleUtoccneX 

Of these, Mylodon attained a length of eleven feet, and Mega- 
therium (fig. 216) was eighteen feet in length, with bones as 
massive, or more so, than the Elephant. 

In the same way, the little banded Armadillos of South 
America were formerly represented by gigantic species, con- 
stituting the genus Glyptodon. The Glyptodons (fig. 217) differed 
from the living Aimadillos in having no bands in their armour, 




Digitized by Google 



564 



MANUAL OF ZOOLOGY. 



SO that they must have been unable to roll themselves up. It 
is rare at the present day to meet with any Armadillo over 
two or three feet in length ; but the length of the Glyptodon 
clavipes, from the tip of the snout to the end of the tail, was 
more than nine feet. 




Fig. ■2\-].—Clyptodon clavipes. Pleistocene deposits of South America* 

All these gi^ntic South American Edentates occur in Post- 
tertiaiy deposits. Older, however, than any of these is the 
Macrothertum . This is a gigantic Edentate, intermediate in 
some respects between the Pangolins and Orycicropus^ and 
found in certain lacustrine deposits of France, of Miocene age. 

Order IV. Sirenia. — This order contains only the living 
Manatees and Dugongs, and is of little geological importance. 
The Halitheriutn^ however, of the Eocene, Miocene, and Plio- 
cene Rocks is a large form, intermediate between the African 
Manatee and the Dugong. 

Order K Cefacea, — The Cdacea, also, are of little geological 
importance. Konains of Dolphins {Ziphius) and of Whales 
(Bakmodon) are found in Miocene deposits; and numerous 
ear-bones of Whales occur in the Red Crag of Suffolk (Plio- 
cene). The most remarkable, however, of the extinct Cetacea 
is the Zeuglodan of the American and Maltese Miocene de- 
posits. This was an enormous toothed Whale, about seventy 
feet in length ; but unlike any of existing Cetaceans, it had 
the posterior teeth implanted by tAvo distinct fangs or roots. 
By Owen, Zeuglodon is regarded as the type of a distinct family, 
intermediate between the Cetacea and the Siroiia. 

Order VI. Ungiilafa.—Tht Hoofed M amnials are repre- 
sented in past time by so many extinct forms that it will be 
w^holly impossible here to do more than merely allude to some 
of the more important genera. 

The earliest-known Ungulates occur in the Eocene Rocks, 
where the order is represented by very numerous and interest- 
ing fonnsy the more important of which are PUohphm^ Ptdath 
iherium, zxid Anoplothmtm, 
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Of the section of the Ungulates comi^rising the living iiorse, 
Zebra, and Ass {Solidungula), the earUeat fossil example is the 
Hipparion of the Miocene Kocks. This genus differed from 
the existing Equida in the presence of two small toes with 
hoofs, one on each side of the single functional toe, which 
alone remains in living horses. In the Pliocene period appear, 
for the first time, remains of horses which, like the present form, 
possessed only a single toe encased in a single hoot It is 
mteiesting to observe that one of the Pliocene horses {Eguus 
mrvidms) occurs in South America; though this continent cer- 
tainly possessed no native horse at the time of its discoveiy by 
the Spaniards. 

Of the Rhinoceridm^ a hornless species ( A c^tffAerium) occurs in 
Miocene and Pliocene strata ; but the best-knovm fossil species 
is the two-homed woolly Rhinoceros tichorhinus). This 
curious species occurs in Post-pliocene deposits, and must have 
ranged over the greater part of Europe. It was ado | lid to a 
temperate climate, and, like the Mammoth, possessed a thick 
covering of mixed wool and hair. This has been demonstrated 
by the discovery of a frozen carcass in Siberia. 

Of the HippopotamidcR the earliest- known species is the 
Hippopotamus major oi the Pliocene period. This form agreed 
in all essential respects with the living ampMHus of MAcsl^ 
but it must have ranged over the whole of southern Europe. 

Of the Suida^ or Pig tribe, various extinct fbnns are known 
from the Eocene and Miocene Rocks, where the family is 
represented by the genera Charopotamus^ Anthracatfwrium^ 
HyopotamMs, and Hippohyus, 

As regards the past existence of the Ruminants, the CervidcBy 
or Stag tribe, is represented, for the first time in the Miocene 
period, by the genus Dorcatherium. The best-known species, 
however, of this family is the Megaceros Ilibernicus, or so-called 
Irish Elk (fig. 218), which is not a true Elk, but is intermediate 
between the Fallow-deer and Reindeer. Of the Giraffe family 
— represented at the present day by a single African species — 
a form has been discovered in the Pliocene Rocks of Greece, 
and has been described under the name of Helladotherium^ 
Somewhat similar f<»ms have been found in the Pliocene de- 
posits of die Sivalik Hills of India. 

The earliest-known Antelopes are Miocene, but the laigest 
and most extraordinary fossil examples of this family are two 
gigantic four-horned Antelopes, which occur in the Pliocene 
strata of the Sivalik Hills of India, and have been described 
under tlie names of Sivat/ierium and Bramatherium. 

Th<&£ovida^ or Ox tribe, has hitherto only occuired in rocks 
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not older than the Pliocene or Post-pliocene. At this latter 
period England alone possessed four oxen — viz., the Lithua- 




Fig. 218.— The Irish £tk {^egactros Hibtmkus), 



nian Aurochs {Bos bison or £os priscus\ the Wild Bull or 
Urus (Bos primigenius\ ihtBos aniiquus, and a smaU aboriginal 
species, the Bos /(m^/rons,htM&ftd by Chren to be ** the source 
of the domesticated cattle of the Celtic races before the Roman 
invasioiL'' 

(Met VIL Byraemdm* — This little order, rq)resented at 
the present day by no more than the single genus Hyrax^ is 
not known to have any fossil representatives. 

Order VIIL Fr^bmidea. — This order, including no other 

living forms than the Elephants, came into existence in the 
Miocene period, where it is represented by all its three sec- 
tions, Dei?iotheriu7n, Mastodo?t^ and Elephas. 

The Deifwiherium (fig. 202) was a gigantic Miocene Mam- 
mal, probably something like the living Elephants, but having 
no inciscws in the upi er jaw. In place of these, the longer jaw 
was furnished with two lung tusk -like incisure, wiiidi were 
bent downwards. 

In most essential req>ects the Mastodons (fig. 219^ resemble 
the Elephants, but the molar teeth were furnished with nipple- 
shaped eminences. Usually there are two tusk-shaped upper 
indsors, but sometimes lower incisors are present as welL 
Four Mastodons occur in the Miocene of Europe, and diree 
in that of India. 

No Elephant has yet been discovered in the Miocene Rocks 
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of Europe, but six species are known from Miocene strata in 
India. In the Pliocene period, Europe possessed its Elephants 
(viz., £, priscus and meridionaUs) ; but the best known of 




Fjc; 919.— Skdehn of MmttodtiL 



the extmct Elephants, as well as the most modem, Is the 
Mammoth (E. fnm^ienim^ fig; aso). The Mammoth enjoyed 




F%. SM.— Skeleton of the Mammoth {JSlefkat ^rimiit$iim). 



a very extended geographical distribution, remains of it occur- 
ring in Britain, continental Europe, Siberia, and throughout a 
large portion of North America. There can also be no ques- 
tion but that (lie Mammoth existed in the earUer portion of 
the human period. 

Order IX. Camimra, — ^If the Utile MkrdesUs of the Upper 
Trias be Marsupial, as is most probably the case, tiien the 
order Camivora is comparatively modem, the earliest un- 
doubted remains having been found in the Eocene Rocks. 
The tribe of the Fdida is represented in the Miocene period 
by the laige Maehmroius^ widi sabre-shaped upper canines. 
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Species of this genus must have been as large as a Lion. In 
the later Pliocene and Post-pliocene deposits occur the remains 
of a large Lion— the Cave-lion or Felis spekca — along with 
• which, ill Britain and continental Europe, are the bones of a 
large Hyaena {H. spelad) and a gigantic Bear {Ursus spekeus), 
Kemains of Wolves, Foxes, badgers, Otters, Pole-cats, Weasels, 
and Other Camivora are also found in various later Tertiary 
deposits, and in bone-caves. 

Order X, Rodent ia. — No Rodent animal is as yet known to 
have occurred earlier than the Eocene period. Here arc found 
forms allied to the living Dormouse and Squirrel. In the 
Miocene Rocks occur numerous small Rodents. In the Plio- 
cene and Post-pliocene deposits the order is also well repre- 
sented, the most remarkable form being the great Beaver 
( Tro^^onthcrium)^ which appears to have survived into the his- 
torical period. 

Order XL Cheiroptera. — The earliest-known indications of 
Bats are in the Eocene period, but the order is of no geological 
importance. 

Order XII. Insectivora. — The Insectivorous Mammals,'like- 
wise, commenced their existence, so far as is known, in the 
Eocene period ; and they, also, are of no importance from a 
geological point of view. 

t^fSsr XIIL Quadrumana,^Tht earliest-known remains of 
Quadrumana occur in the Miocene period. Several genera 
are known, but the most important are FUopithecus and Drya- 
pithectis^ both of which are European, and both of which belong 
to the section of the Catarhine Monkeys which are at present 
characteristic of the Old World. They appear to be most 
nearly allied to the recent Gibbons. It is interesting to notice 
that the American fossil Monkeys — from the later Tertiary 
deposits of South America — belong to the division of the Quad- 
rumana now ]>eculiar to that continent — to the section, 
namely, of the Platyrhine Monkeys. 

Geographical Succession of Organic Forms. 

A few words may be said here on a law which may be called 
the " law of the geographical succession of oiganic forms^" and 
which is illustrated more completely by the Mammalia than by 
any other extinct animals. An examination, namely, of the 
facts of the geological distribution of Mammals leads to the 
striking generalisation that " the present distribution of organic 
forms dates back to a period nnterior to the origin of existing 
species*^ (Lyell). In other words, though the extinct Mam- 
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mals of the later geological deposits of any given country ditter 
specifically from those now existing m the same country, they 
are nevertheless referable to the same orders^ and are in every 
respect more closely allied to the present Mammalian fauna 
than to that of any other country. A few examples will render 
this perfectly clear. 

Australia at the present day is an altogether peculiar zoolo- 
gical province, characterised by the abundance and variety of 
Marsupials which inhabit it In the Post-tertiary deposits of 
Australia, however, we are presented ^vith proofs that Marsu- 
pials were just as characteristic of Australia during late geolo- 
gical epochs as they are now. In the Post-pliocene period we 
know that Australia was occupied by Kangaroos, Kangaroo- 
rats, Wombats, Phalangers, and Carnivorous Marsupials, in 
every way rcprcscniing the living Marsupials in zoological 
value, but specifically distinct, and generally of gigantic size. 

In the same way, South America at the present day is espe- 
cially characterised by a Mammalian fauna, coii laming many 
peculiar forms, the Edentata being especially conspicuous, and 
having a larger representation thui in any other region. Simi- 
lar but distinct forms, however, are found to have existed in 
South America anterior to the creation of any existing species. 
Thus, the modem Sloths of South America are represented by 
the colossal Mylodon, M^ahnyx^ and Megatherium, The litde 
armour-plated Armadillos are represented by the equally colos- 
sal Glyptodon. The Llamas — ^r^resentmg in South America 
the Camels of the Old World — are represented by the curious 
extinct genus Macrauchmia. The Platyrhine Monkeys have 
their extinct representatives. Fossil Tapirs take the place of 
the two existing species ; and the Peccaries are represented by 
at least five extinct species of Dicotyles, 

Similarly, India is at present the only country in which four- 
homed Antelopes occur ; and it is in the Sivalik Hills that there 
have been found the two gigantic four-iionied Antelopes, which 
constitute the genera Sivatherium and Bramatherium. 

In Europe, again, ^e Mammalian fauna of the later Tertiary 
periods is much more closely allied to that now characterising 
the Old World, than to that of the New. We have the Lion, 
Bear, Wolf, Fox, and other well-known Camivora, Elephants, 
Rhinoceroses, and Hippopotami, then as now, are characteristic 
Old World forms. The Ruminants are equally characteristic 
of the eastern hemisphere, though not exclusively confined to 
it, and they have numerous and varied representatives in later 
Tertiar}' deposits. The Giraffe is represented by the Hellado- 
therium^ and the Bactrian Camel by the Merycotherium of the 
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Siberian Drift. The fossil Quadrumana, too, of Europe, all 
belong to the Catarhine section of the order. 

It lb unnecessary to pursue the subject farther, but no law 
is more firmly established than this : lliat with extinct as with 
existing Mammalia, particular forms were assigned to paiticalar 
provinces; and that the same forms were restricted to the 
same provinces at a former geological period as thejr are at 
the present day " (Owen). It is to be borne in mind, however, 
that the law, as just stated, holds good for the later Tertiary 
period only, and does not apply, in any manner that admits of 
being traced, to the earlier geological epochs. 



TABULAR VIEW OF THE CHIEF SUB-DIVISIONS 
OF THE SUB-KINGDOM VERTEBRATA. 

SITB-KINGDOM VL— VERTEBRATA. 

Class I. Pisces. 

Order i. Pharyngobranchil 
8. Marsipobranchii. 

3. Teleostel 

4. GanoideL 

5. SSasmobranchil 

6. Dipnoi 
Class II. Amphibia. 

Older I. Labyrinthodontia. 

2. Ophiomorpba. 

3. Urodela, 

4. Anoura. 

Class III. Reptilia. 

Order i. Chelonia. 

2. Opludia. 

3. Lacertilia. 

4. Crocodilia. 

5. Ichthyopterygia. 

6. Sauropterygia. 

7. Anomodontia. 

8. Pterosauria. 

9. Detnosauiia. 
Class IV. Aves. 

Order i. Natatores. 
2. Grallatoies. 
*3. Cursores. 
4. Rasores. 
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Sub-order a. Gallinacei. 

b, ColumbaceL 

5. Scansores. 

6. Insessores. 
Sub-order a. Conirostres. 

b, Dentirostres. 
A Tenuirostres. 
d, Fissirostres. 

7. Raptores. 

8. Saunirse. 
Class V. Mammalia. 

Division A. Omithodelphia. 

Order i. Monotremata, 
Division B. Didelphia. 

Order 2. ATarsupialia. 
Divij,ion C. Monodelphia. 

Order 3. Edentata, 

4. Sirenia. 

5. Cetacea. 

6. UngLilata. 
Section Fcn^^iOaaciyla. 

0. Multungula. 
h, Soliduogula. 
Section ArHcdaciyla, 

iL Omnivora* 
b. Ruimnantia. 

7. Hjrracoidea. 

8. Ptoboscidea. 

9. Camivora. 

a. Pinnigrada. 

b. Plantigrada. 

c. Digitigrada. 

10. Rodentia. 

11. Cheiroptera. 

12. Insectivora, 

13. Quadrumana. 

a, Strepsirhina. 
b> Fla^nhlna. 
c Catarhina. 

14. BimaDa. 



GLOSSARY. 



Abdomen (Lat. aMo, I conceal). The posterior cavity of the body, contain- 
ing the faateatines and others of the viscera. In many Invertebrates there 
is no separation of the body-cavity into thorax and abdomen, and it is only 
in the higher Annulosa that a distinct abdomen can be said to exist. 

Abbrramt (Lat. aberrot I ivandwr away). Departing from the regular type. 

Abshkmat (Tat. ab, from; norma, a rule). Ixn^jlKt; deTiating from tlie 
ordinary standard. 

Abohabum. The fourth caTity of the oomplez itomach of the Baminanta. 
ABRANCHiAn (6r. a» wiihottt ; ingddat gille). Dottitute of gills or bran- 

cbitt. 

ACALBPRJi (Or. akalrphf, a nettle). Applied formerly to the Jelly-fishes or 

Sea-nettle8, and other Radiate animals, in consequence of their power of 
Stinging, derived from the presence of miorosoopic cells, called " thread- 
oells," m the integument 

AcANTHocKi'HAi.A (Gr. acautha, a tborn ; tef^aU, head). A elassof paraaitio 
worms in which the head is nrrrK I with spines. 

AOANTHOMETRINA (Gr. akantha ; aud inetra, the womb). A family of ProtozoOf 
characterised by having radiating stiicious spines. 

ACANTHOITERYOIA (Or. ahn,ffta. spine; pterur, vrmp). A group ol bony 
fishes with spinous rays in tiic front part of the dorsal hu. 

ACARINA (Gr. akaH, a mite). A divinon of the Araeknida, of whioh the 
C^eese-mite is the type. 

Acephalous (Gr. a, without ; Ixphale, bead). Not possessing a distinct head. 

AoiTABULA (Lat aeetabulvm, a cup). The suokers with which the eephalao 
processes of mnny ('rph<ih>pnda (Otittle-fishe'') are provided. 

Acetabulum. The cup-shaped socket of the hip-ioint in Vertebrates. 

AORITA (Or. akrito$, confused). A term eometunes employed aa synony- 
mous with Protozoa, or the lowest division of the ariimal kingdom. 

AOTlifOMERES (Gr. akiin, a ray ; mmw, apart). The lobes which are mapped 
oat on the sorfiiee of the body of the Ctenojyhora, by the etenophores^ ur 
comb-like rows of cilia. 

AcTiitosoUA (Gr. aMin ; and somOf body). Employed to designate the 
entire body of any AdinozoQn^ whether this be mnple (as in the Sea- 
anemones), or composed of several zotiids (as in most Corals). 

ACTINOZOA (Gr. dktin • and zoSn, an animal). That division of the CmUiir 
trrata of which the Sea-anenion^ may be taken as the type. 

Aselarthrosomata |Gr. o^rfovy hidden; luikm, joint; jomm, body). An 

order of the Arac/mida. 
Agawic tGr. a, without; gatnos, marriage). Applied to all forms of repro- 

diietion fa whieh the sexes are not directly concerned. 
ALLANTdTHFA, The group of Vertebrata in which the foetus is furnished with 

an allantois, comprising the KeptileS| Birds, and Mammals. 
Allaktois (Gr. aim, a samMige), One of the " membraaei'' of the fmtna in 

eertaia Vertebratat. 
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ACVIOLI (Lat. dim. of alvui, belly). Applied to the sockets of the teeth. 
Ambulacra (Lat, ambulacrum, apiaoe for walking). The perforated spaces 

or "aTonaes" tbnnigli wlifoh are protruded uie tube*feet, by maans of 

which locomotion is effected in the EcJilnodermai t . 
Ambulatory (Lat. ambulOf I walk). Formed for walking. Applied to a 

single limb, or to an entire animal. 
Amkt.\bolic ((tt. rt, without ; mt-taltoh, change). Applied to those insects 

which do not possess wings when perfect, and which do not, therefore, 

pass through any nuarked metamorphosis. 
Amnion (Gr. amaof, a lamb). Ona of tba laatii] nembruias of tba higber 

Vertebrates, 

Amniota. The group of Vertehrata in which the foetus is furnished with an 

amnion, comprising the Reptiles, Birds, and Mammals. 
Am(EBA (Gr. awoiOfxi. ch^nrr'me). A species of Khuopod, ao oalled from the 

numerous changes of torui which it undergoes. 
AmODIFOBM. Resembling an Amabtt in form. 

Ahorphozoa (Gr. a, without; ■mor})fif, shape; «99a» animal). A name some- 
times used to desiipate the JSpwiaes. 

Amphibia (Gr. amp&i, both; ftiof, life). The Frogs, Keirts, and the like, 
which have gills when joung, out ean always bmatibe air direotlj when 
adult. 

Amphiooblous (Gr. amphi, at both ends ; hoUtHf hollow). Applied to Terte- 

hnc which are concave at both ends. 
Amfuidibcs ^Gr. ampkij at both ends ; dUkot, a quoit, or round plate). The 

spimila which surronnd the gemmnles of SjmntjUia, and resemble two 

toothed wheels united by an axle. 
Amphioxus (Gr. amphi, at both ends ; oxut, sharp). The Lanoelet, a little 

fish, which alone constitutes the order Phaiyn^oranekti. 
Ajuhipnkusta (Gr. amphi, both ; pneo, I breathe). Applied to the "perea* 

nibranchiate" Amphibians which retain their gills throu{?h life. 
Amphipoda (Gr. ampki, aud p<m», a foot). An order of Ci^stacea. 
Anal (Lat. muu, we vent). Conneeted with the amis, or situated near the 

anus. 

AnaLLANTOIBEa. The ^proup of Vertehrata in which the embryo is not fur- 
nished with an allantois. 

Analoootts. Applied to parts which perform the same function. 
Anamniota. The group of Veriebraia in which the embryo is destitute of an 
amnion. 

ANARTHBOPOBAfGr. a, wifhonf ; arthros, a joint; poiut, foot). That division of 
Annulou animals iu which there are no articulated appendages. 

ANOHTLoera or Amcnoan (Or. ankuk*, crooked), llie union of two btmes 
by osseous matter^ so tiiat they beoome one bone, or are immovably joined 

together. 

Androgynous (Qr. anfr, a man; aun^ a woman). Synon^moiM with her* 
maphroditOj and implying that the two seies are united in the same in-> 

dividual. 

ANDROPHORE8(Gr. anir, a man ; and i>A^o, I carry). Applied to medudform 
(i:onophores of the Hifdrozoa, which carry the spermatosoa, and differ in 
form from those in wl^ich the ova are developed, 

Annelida (a Galliciaed form of Aiinufa(a). The iiiugod worms, which 
form one of the divisions of ^tMAvai-f/iropoda, 

AnNULATEH. Composed of a succession of rings. 

Annuloida (Lat. annulu4, a ring ; Gr. ck/w, form). The sub-kingdom com- 
prising the Eekiniodermata and the Scolecida {^Bekimsoa). 

Annulosa (Lat. annuha). Tlio sub-kin^rdom comprisirL-- 1!:0 J vm-^Jirojxtfla 
tatd the Arthropoda or Articulata, in all of which the body is more or less 
evidently composed of a saooession of rings. 

Anomodontta ((^r. <r)wmm, irregular; oefotff, tooth)* An extinct order of 
Reptiles, often called Dicynodontia. 

Anomtjba (Gr. aaoeiM, irregular ; oura, tail). A tribe of Z)ecapod Onutacea, 
of which 1^ fiermit^rab is the type. 



biyuizua by Google 



574 



GLOSSARY. 



AxorLrRA (Or. annplos, nnarmed; mira. tni]\. An order of Apterous Tnsecta. 
Anoi'ua (Gr. a, witbout ; ov,ra, tail), ike urder of wlmWti&ta comprising tha 
Frogs and Tbttdi^ in which the adult is dwtitnte of % taiL Often eaUad 

Batrachia. 

AlfTEMNiB (Lat. antmna, a yard-arm). The jointed horns or feelers possessed 

by the majority of the Artknlata. 
Antbnnules (dinu of AmUtmm)* Applied to tho mailer pair of anttnue 

in the Vrtutacea. 

Antibbaohium (Gr. mtU, tn front of; hrm^ion^ the arm). The fore-arm of 

the higher Vertebrates, com]>nspr1 nf the raxfivjt and ulna. 
A> tl£BS. Pmperly the branches of the horns of the Deer tribe {Cervida), 

but generally applied to the entire homi. 
Antlia (Lat. fnitlia, a j ump). The spiral trunk or ] r br.cci3 with which 

Buttei^ee and otber Lepidopterous Inseots suok up the juices of flowers. 
AFHAHfPTSRA (Gr. «qnJlaii4M», inoontplenone ; fUertmy a wix^). An order of 

Insects, comprising the Fleas. 
Aplacentaua. The section of the Mammalia, comprising the two divisions 

of the Didelphia and Monodelphia^ in which the young is not fumbhed with 

a placenta. 

Apoda (Gr. rt, without ; poda, feet). Applied to those fishes which hare no 

ventral fiua. Also to the footlesa Caxiluv amongst the A viphihia. 
Apodal. Devoid of feet. 

Apodfmata (Gr. apodaio, I portion off). Af^lied to oortain ehitinona aepta 

which divide the tis-sues in Crtutacea^ 
Aptera (Gr. a, without ; pteron, a wing). A division of Inaeeti^ whidk Is 

characterised by r a hseuce of wings in the adult oondition. 
Apterous. Devoid of wings. 

Aptertx (Gr. a, without ; plervx, a wing). A wingless bird of New Zealand, 

beluniiing to the order Curmre*. 
ABACHNI0A (Gr. Oimckiu, a spider). A class of the Articulataf comprisiog 
Spiders, Scorpions, and alUed animals. 

Arboresckn T Branched like a tree. 

ARCHJEOPTtiiBYX (Or. archaioSf ancient; ptenue, wiug). The singular fossil 
bird which alone oonstitutes the order of the Sanrura. 

Archencfpftala (Gr. urc/«), I overrule ; egkephalos, brain). The name ap- 

8 lied by Owen to his fourth uid highest group of Maa^maLia, oomprisiog 
[an alone. 

Arenaceous. Sandy, or composed of grains of land. 

Articulata (Lat. arttcufus, a joint). A division of the animal kinfrdom, 

comprising losectM, Centipedes, Spiilers, aod Crustaceans, characterised 

bftiiepoMaasion of jointed bodiea or jointed limba. The term ilftAfvftoila 

is now more usually employed. 
Ahtiodactyla (Gr. arfuw, even ; daktuloi, a finger or toe). A division of 

the hoofed quadrupeds (ITs^afote) in wUoh eaoh foot has an even number 

of toes (two or four), 
AsciDioiDA (Or. askot, a bottle ; eidoi. form). A synonym of TwMeaiOj a 

class of Molluscous animals, which hare we shape. In many oaess, of a 

two-necked bottle. 

AlSEXUal. Applied to modes of reproduction in which the sexes are not 
eoneeraed* 

AfliTBONSii. Not po<i5<e<minn^ a respiratory tube or siphon. (Applied tea 

division of the LamdlibrarichiaU Molluscs.) 
AsTBBOtD (Gr. alter, a star; and «ido$, form). Star'Shaped, or poas e ss i ng- 

radiating lobes or rays like a star-fish. 
AjBTBROIdea. An order of EchinocUrauUa, comprising the Star*fiahea, charao> 

tensed by their rayed form. 
ASTOHATOUS (Gr. a, without ; tUma, mouth). Not possessing a mouth. 
Att>as (Or the God who hohU np the earth). The first vertebra of the neoky 

which articulates with and supports the skull. 
Atrium (Lat. a haU). Applied to the j^wat ohimber or ''doaoa," Intowhidi 

the intestine opens in the TiMieaia* 
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Attbelia (Lat. aumm. gold). to {he chijsalidesof someZ^uiofiCms 

on ac(wunt of their exhibiting a golden lustre. 
AmtiOLB (Lat. dim. of mnris, ear). Applied to one of tho cafitifli of fbe 

heart, by which blood is driven into the \ entricle. 
AuTOPBAQi <Gr. autosj MU;pkago, I eat). Applied to birds whoso young 

can nin about find obtain food for tbemaelves as soon as thoy esoapo from 

the egg. 

Av£8 (Lat. avis, a bird). The claas of the Birds. 

AvicuLARiUM (lAt. avieula, dim. of avit, a bird). A frftignlar appendage, 
often shaped like the head of a bird, found in many of the Poli/zoa. 

Axis (6r. axon, a pivot). The second vertebra of the neokt upon which the 
skull and atlas usually rotate. 

AZTGOB (Or. a, without ; stiff08, yoke)^ Sinc^e; without a fallow. 

Bacterium (Gr. hakterion, a staff). A kind of staff- shaped filament which 
appoars in < i l :u..c infosiona ofter they have been exposed to the air. 

Balahiba (Gr hulanos, an aoom). A fomlly of toaaile OirripideB, com- 
monly called " Acom-shells." 

Baleen (Lat. balcena, a whale). The bony plates whieb ooonpy the palate 
of the tnie or " whale hone" Whales. 

Batides (Gr. batos, a bramble). The family of the Eiasiiwbranckii oompris- 
ingr the lUys. 

BaTBAchia (Gr. I'r^rarhns, a frofj). Often lor~olv nrp'ie 1 to any of the Am- 
phibia, but sometimes restricted to the Amphibians as a olaM, or to the 
idi^^e order of the Amiwm. 

Bifid. Cleft in lo two parts ; forked. 
Bilateral. Having two symmetrical sides. 

Bimana (Lat. twice ; manxu, a hand). The order of Jfammolia oompria* 
ing Man alone. 

Bipedal (Lat. 6w, twice ; pes, foot). Walking upon two legs. 

BiRAMOOS (Lat. Ms, twice ; ramvx, a branch). Applied to a limb which is 

divided into two branches (e.g., the limbs of dSrripedes). 
Bivalve (Lat his, twice; vaJni\ foldinsr-doors). Composed of two plates or 

vsJves; applied to the sbeli of the Lamellihi'anchiata and BrachiojxKlaf 

and to the carapace of certain Crustacea. 
Blastotdka (Gr. hlasioi, a bud ; and eidot, form). An extinct order of Echi- 

nodermataf often called Pentrmites, 
B&AOHTOPODA (Qr. bracJiion, an arm ; poiu% the foot). A claas of the Mol' 

hiscoida, often cnllcd *' I.amp-shells," characterised by poaaeaaing two 

fleshy arms continued from the sides of the mouth. 
BbaohiUM (Gr. hmchion, arm). AppUed to the upper arm of Vertebratea. 
Brachyura (Gr. hrachus, short ; onra, tall). A tlibe of the Deoapod CrutUXr 

ceeuu with short tails (i.e., the Crabs). 
BitAon. (See Hydropbyllia.) 

Bradypodid^ (Gr. braaut, uow; poda, fbe/t). The ftmi^ of .ffdmloto oom- • 

prising the Sloths. 

Branohia (Gr. hragchia, the gill of a flih). A re^iratory organ adapted to 

breathe air dissolved in water. 
Branchiate. Possessing gills or branchias. 

Bbanchifbra (Gr. hragdiia, gill ; and phero, I carry). A division of OasUro* 
podomt Mollutcs, in which the respiration is aqiiatie^ and the reapintoiy 

organs are mostly in the fr rm of distinct giUa. 
BbaNCHIO-GASTEROPODA (= Uriiucl ifera). 

Bramohiofoda (Gr. Arabia ; and jwus, foot). A le^on of Grmtaeea, in 

which the gills are supported by the feet. 
Brakchiosteoal (Gr. hragchia, gill ; stego, I cover). Applied to a membrane 

and raya by which the gills are protected in many fishes. 
BKEviLiHOina (Lat hwritp abort ; Unt^fm, tongue). A division of the Xaoir- 

tUia. 

BBXTjxmuLtM (Lat Siww. abort ; pemut, a wing). A group of the Natato- 
lialBiida. 
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Bronctit (Or. f-of^chos, the windpipe). Tho branches of the windfrfpe 
{trachea), by which the air is conveyed to the vesicles of the lung. 

Bbuta (t&t. briUus, heavy, stupid). OA«i used to dasigiiate the Kamou^ 
Kac oHer of the Edentata. 

Bbtozoa (Gr. 6!-uo», moss ; toiin, animal). A synonym of Folytoaf a class of 
th« Mmufcoida, 

Buccal (Lat. bucca, mouth or cheeks). Gontieoted with t'l o mouth. 
BORajFOHM (Lat. bursa, a purse ; forma, ahapo). Shaped like a purse; sub- 
spherieal. 

ByssifkrodS. Producing a bysaus, 

Bri»sus (Gr. bussos, tlax). A term applied to the silky filaments by which the 
Pimna, the common Mussel, and certain other bl^Te ifelliMca, attach 
themaelvea to foteign objeote. 

Caducibranchiate (Lat. cadueus, ieX\mg ofi \ Gr. hragckia, gill). Applied 

to those Amphibians in which the gills fall off before maturity is reached. 
Caducous. Applied to parte which fall off or are shed dunng the life of the 

animal. 

Cjwal (Let. caetUy blind). Terminating blindly, or in a dosed sactremity. 

CvGCUM (Lat. caicuB). A tube which terminates blindly. 
C^PITUSE ( Lat. coupes, a turf). Tufted. 
CaiNOZOic. (See Kiunoeoio. ) 

CAr.CAR (Lnt. a spurV Applied to the ''spurs" of Rasoxial birde j and also 

to the rudiments of the hind-limbs in certain Snakes. 
Calcarbovb (Lat ealx, lime). Composed of earbonate of lime. 
Calice. The little cup in wbieh tne polype of a coralligenoiis Zoophyte 

{A diiutsoihi) is contained. 
Caltcoprorida (6r. taimx, a cup ; and pJiero, I carry). An order of the 

Oceanic ILidrozoa, SO ewd from their possessing bell-shipped swimming 

organs {nectocalxfcet). 
Calyx (Lat. calyx, a cup). Applied to the oup-shaped body of Vcriicella 

{Protozoa ), or of a Cricoid (Echinodei'mata). 
Campanularida (Lat. rantpanula, a bell). An order of Hydroid Zoophytes. 
Camnb (Lat. cuuis, a dog). The eye-tooth of Mammals^ or the tooth which 

is placed at or close to the prsbmaxillary sntnre in the upper jaw, and the 

correspond inpf tooth in the lower jaw. 
CaPITULUM (Lat dim. of caput, head). Applied to the body of a Barnacle 

{L^Hididaf)f from its being supported upon a stalk or peduncle. 
Carapace. A protective shield. Applied to the upper shell of Crabs, Lob- 
sters^ and many other Crustacea; also to the case with which certain of the 

Infttsoria are provided. Also the upper half of the immovable oaae in which 

the body of a Chelonian is protected. 
CARlNATiB (Lat carina, a keel). Applied by Huxley to all those faixds in 

which the sternum is furnished with a median ridge or keeL 
Carntvora (Lat. caro, flesh ; voro, I devour). An order of the MammidiaLm 
Carnivorous (Lat caro, tiesh ; voro, I devour). Feeding upon flesh. 
CarnoSS (Lai earo). Fleshy. 

CARPnriiAGA (Gr. l-arpns, fruit; phaao, I eat). A section of the .VarfupioHa. 
CAiiPUS (Gr. karpos, the wrist). Toe small bones which intervene between 

the fore-arm and tho metacarpus. 
CATARHnra (Gr. iota, downwards ; rkines, nostrils). A group of tlie Quadru- 

mana. 

Caudal (Ijat. canda, the tail). Belonging to the tail. 

Caticx>R9ia (Lat. cavm, hoUow; comu, a horn). The "hollow-homed** 
Ruminants, in wl irh the horn oonststs of a eenttalbony ** hom-oore" sur- 
rounded by a horny sheath. 

Cbntruh (Or. kentron, the point round which a circle is described fay a psir 
of compasses). The central poi-tion or " body " of a vertebra. 

Cephalic (Gr. l-ephate. head). Belonging to the head. 

CjiPBALO^BBaKCEZafE (Gr. t^kede; and bragckiaj gill). Carrying gills wpon 
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the head. Applie<l to b section of the Annelida, which^ like the Seiyula, 
hare tofts of external gills placed upon the head, 

Cephalophora (fJr. kepkale ; &dA phero, I carry). Used synonymouBly with 
JCnceptuila, to designate those Molbtsca which possess a distinct head. 

Cephalopoda (Gr. ke/ihaU; and jjoda, feet). A class of the MoUvMa^ com- 
prising the Cuttle-fishes and their alliea, in whieh there is a series ef anna 
rancretl round the head. 

Cephalothouax (Cir. kephale; and thorax, chest). The anterior division of 
the body in n i y ( Vit^tooM and Am^Mnida, which is oomposed of the 
coalesced head aiui chest. 

Ceue. 'rhe naked space found at the ba&e uf the bill of some birds. 

CeevioaL (I^t. cei'vix, neok). Connected with the regi n ' t tlie neck. 

Ckstoidea (Gr. kestot, a p^rdle). An old name for the Twnlada, a class of 
Intestinal Worms with flat bodies like tape (hence the name Tapeworms). 

CkbtRaphoiit (Ghr. kestra, a weapon ; phero, I carry). The group of Blatmih 
hran-! '' represented at the present f1?,y by the Port Jackson Sharl:. 

Cetacea (Gr. keton, a whale). The orUor ot Mammals oomprising the Whales 
and Dolphins. 

CuATOONATHA (Or. chaUe, bristle ; gnafhoR, jaw). All ofder of the iliiar<An»- 

poda, comprising only the oceanic genus Sagxtia, 
Cbsiboptbra <Or. eft«tr, hand ; jfferoa, a wing). The order of MatiiTnate eom- 

prisitig the Bats. 

Chel^ (Gr. chele^ a claw). The prehensile claws with which some of the 

limbs are terminated in certain Ci-uttacea, such as the Crab, Lobster, ke. 
Crklatf. Possessing chelea; applied to a limb. 

Chelicerje (Gr. c/ie/e, a claw ; and kerm, a horn). The prehensile olawa of 

the Scorpion, supposed to be homologous with antennte. 
Cheloma (Gr. c/u hmy, a tortoise). The order of Beptiles oompfisiog the 

Tortoises and Turtles. 
Chelonoratrachia (Gr. chelotUf a tortoise ; hcUrachos, a frog). Sometimes 

applied to the Amphibian order of the .^aoitra (Frogs and Toads). 
CHTLor.NATHA (Or. cheUoi, h lip; .and gnathog, a jaw). An oidior of the 

Myriapoda. 

Chilofoda (Gr. ekeiioB ; and poda, feet). An order of the Myriapoda, 

Chitine (Gr. chiton, a coat). The pecuHar chemical principle, nearly allied 
to horn, which forms the exoskeleton in maoy Invertebrate Animals, espe* 
eially in the Arihropoda (Chufocea, Imecta^ kc ) 

Chi.okophyll (Gr. montt green ; •xA^^t^fUMf a leaf). The grsen eolouriog 
matter of plants. 

Chromatophores (Gr. ekrwava, complexion, or colour ; and phero, I iMuny). 
Little sacs which contain pigment^gramues, and are found in the integu- 
ment of Cuttle-tisbes. 

Chrysalis (Gr. chrums, gold). The motionless pupa of butterflies and moths, 
so called because s in. times exhibiting a golden lustre. 

Chylaqueous fluid, a fluid consisting partly of water derived from the 
exterior, aud partly of the products of digestion (chyle), occupying the 
body-cavity or perivisceral space in many Invertebrates* (^n7ie/tV/««, Echino- 
demvy &r. ), and Hometimea having a apecdal eaoal-syatem for ita eonduotion 
(chylaqueous caualp). 

Chtlk (Gr. chtdos, juice). The milky fluid whieh is the result of the action of 
the various digestive fliiids upon the food. 

CuYUFic (Gr. chuios, juice [chylel; and Lat. faeio, I make). Producing 
ehyle. Applied to one of the stomaehs, when more than one is present. 
The word is of monf^rel origin ; and " < hylopoietic" is more correct. 

Chyme (Gr. chumosj juice). The aoid pasty fluid produced by the action of 
the gastric juice upon the food. 

Chyme-ma^. The central, semi-fluid sarcode in the interior of an In fiuoriav. 

Cilia (Lat. eilium. an eyelash). Microscopic, hair-like hlaments, which 
have the power of lashing baokwards and forwards, thus creating currents 
in the surrounding or contiguous fluid^ or snbserving looomotum fak the 
animal which possesses them. 
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CiLTOORADA. (Lftt. cUium; and gradim', I walk). Sjnonymous with Cteiuh 
phortt, an order of AeHnnoa, 

CiNCLiDKS (Gr. a lattice). Special apertnrcs in the column-wall-? of 

some Sea-anemones (Actmias), wbiob probablj^ serye for the emission of the 
oord-like '^craspeda." 

Cnuu: (Lftt. drruif a curl). Tendril-like appendaf^es, such as the feet of Bar- 
nacles and Acnm-aheilB {CfirripedeM), the lateral prooeeaes on the arms of 
Brachiopoda, kc. 

CntEDmooft or Oaaamnam. CanTingr cirri . 

ClBRiPEDiA, CiRRHiPEDiA, Or CiRRHOPODA (Lat. cirrvt, A Gui J and pet, a 

foot). A sub-class of Cm^area with curled jointed feet. 
GiRRosTOHi (Lat. cirrtu, a tendril ; Qr. Homo, moath). Sometimes fued to 

designate the PhavjiP nn^ i iLuchii, 
Cladocera (Gr. klado», a branch; ke)'as, a bom). An order of CrusUioea with 
branolied Mitenim. 

Clavate (Lat. clavus, a chib^. T'lnb shaped. 

Clavicle (Lat. clavicular a little key). The collar-bone," forming one of 
the elemente of the pectoral areh of Tertelirates. 

Oloaca (Lat. a sink). The cavity into which thr intrsiin nl canal and the 
ducts of the generative and urinary oigans open in common, in some In- 
- rertebrates (e.p., in Insects), and also tu mtay Verlebnifte abIibaIi. 

ClypeifoRM (I>a"t. chi)wux, a shield; m\(\ forraa, shape). Shield*eb»ped ; »p» 
plied, for example, to the carapace of the King-crab. 

CniD£ (Gr. hnide, a nettle). The urticating cells, or "thread-cells," where- 
by many Coelenterate animals obtain their power of stin^nj?. 

Ck>COOLITHS (Or. koH-cf, a >>erry ; lithos, stone). Minntn nvnl or rottnded 
bodies, which aro found either free or attached to tiiu i^urfaco of cocco- 
epliSMe* 

OoccosPHERES (Gr. kokkos; and fplaira, & sphere). Spherical masses of 
sarcode, enclosed in a delicate calcareous envelope, and bearing ooccoliths 
upon their external surface. Both ooccospheres and cocooliths are im- 
bedded in n diffn r i plasmodium of asToode^ the wholo oonstitcithag a low 
JRhuopodic organism. 

OmjOTOBAL. Conoeeted with the ooooyz. 

OOCCYX (Gr. l-oki-.'x. a cnckoo). The terminal portion of the IpilUil oolama 
in man, so called from its resemblance to a cuckoo's beak. 

OOOOON (French meon, the eooooo of the sflkworm ; eooneeted with Fr. eomte, 
shell, wliich is derived from the Lat. ronrJin). The outer covoring^ of ailkj 
hairs with which the pupa or chrysalis of many insects is protected. 

OoDONOBTOMA (Gr. kodon, a hell ; ttoma^ mouth). The aperture or month of 
the disc (nectocalyx) of a Mtimta, or of the bell ^^ooalyx) of a medoei- 
form gonophore. 

CcELENTKRATA (Gr. koilos, hollow ; etUeron, the bowel). The sub-kingdom 
whioh comprises the llydrozoa and Aciinozoa. Proposed by Frey and 
Leuckhart in plaoe of the old term Radiata, which included other *«<nM>l» 
as well. 

OCBMlNCHYMA (Gr. koinos, common ; enckujna, tueae). The commoii cal- 
eareous tisaue which unites together the yarioui eonllites of a oompound 
oorallum. 

OdHdoiUM (Gr. hnnog, common ; oikos, house). The entire dermal system 

of any PoluzoHn : employed in place of the terms polyaoary or polypidom. 
CoEMoeARO (Gr. loiHos, common ; sarx, fleah). The common organised 
medium by wMoh the eeparate polypites of a oompound ffydto»o9n are 

conriRctf'd together. 

CoLBOPTKKA (Gr. h>leo8j a sheath ; pteron^ wing). The order of Insects 
(Beetles) in which the anterior pair of wings are hardened, and mtto as 
protective ca.ses for the posterior pair of memhranons winpra. 

Ck>LDBBUiA (LaU coluber, a snake), A division of the Opkidia. 

CoLUMBAOBr (Lat. eoltmi&a, a dove). The division of Biasorial birds compris- 
ing the Doves and PigeoDS. 

CoLQMSLLA (L&t. dim, of colwrnna, a column). In Conchology, the central 
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axis round which the whorls of a spiral univalve •rewoiirrl'. Amnncr^^t fhe 

Aotinazoa, it is the central axis or pillar which it foand in the c«Dtre of the 

th«08B of many corals. 
CoLt'UX. Apphed to the cvlindrical body of a Sen-anomone (ildMwt) ; altO 

to the jointed atam or peduncle of the stalked Crinoids. 
€k>HinS8URAL (Lat. committo, I Bolder it^ether). Connecting together; 

limielly applied to the nerve-fibres which unito different ganglia. 
OONCHA (Lat. a shell). The external ear by which sounds are collected and 

transmitted to the internal ear. 
CONOHIFKRA (Lat concha, a shell ; fem, I carry). She1I*fisb. Applied in a 

restricted seose to the t^valve Moilusos, and used as a synonym for Lamelli- 

hranchiata. 

CuNDTLK (Or. hmduloMy a knuckle). The surface by which one bone artieu- 
lates with another. Applied especially to the articular surftuse or suiliMSes 
by which the skull articulates with the vertebral column. 

CoNiROSTRES (Lat. contu, a oone; raifntm, a beak). The division of FerdUng 

birds with conical beaks. 
€k)PEFODA (Gr. kopct an oar ; poda, feet). An order of Cruriacea, 
CoBACOio (Gr. horaXf a crow ; eido»j form). One of tlio bones nhich enters 

into the composition of the jiectoral arch in Birds, Reptiles, and Mono- 

tremes. In most Mammals it is a mere process of the scapula, having, in 

man, some resemblance in shape to the besk of a erew. 
CoRALLrOENOUS. Producing a corallum. 

CORALLiTK. The corallum secreted by an ActinozolSn, which consists of a 
single polype ; or the portion of a onmporite corallum which belongs to, 

and is secreted hy, an individual polype. 
Ck)BALLUM {iTtixn the Latin for Red Coral). Tho hard structures deposited in, 

or by, the tissues of an ActinozoSn — commonly called a " coral." 
Coriaceous ( Lat. corium, hide). Leathery. 

Corpus callosum fLat. tho "firm body"). The groat band of nervous 
matter which uuiteii the two hemispheres of the brain in tho Mammals. 

CoRPUscuLATED (Lat. corpusculum, a little body or particle). Applied to 
fluids which, like the blood, contain fl<mting solid particles or "corpuscles." 

Cortical Later. The layer of consistent sarcode, which in the It^fiuoria 
encloses the chyme-mass, and is surroianded by tho cutide. Sometimes 
called the parenchyma of the body ." 

COSSM (Lat. costa, a rib). Applied amongst the Vrinoidea to designate the 
rows 1^ plates which saceeed the inferior or bauil portion of the cup 
(pelvis). Amongst the Corah the "cost89" are vertical ridges which 
occur on the outer surface of tlie tbeca, and mark the position of the 
septa ^thin* 

Costal (Lat. costa, a rib). Connected with the ribs 

CRA2(inH (Gr. ibuaum, the skull). The bony or cartilaginous case in which 

the brain is contained. 
Crasfeoa (Gr. hasjml<m, a margin or fringe). The long, convoluted cords, 

containing thread-cells, which are attacbM to the free margins of the 

mesenteries of a Sea-anemone. 
Crepuscular (Lat. ci epuKvdwa^, dnsk). Applied to snimals whieh are aotifv 

in the dusk or twilight. 
CiiTNoiDEA (Gr. krium, a lily ; eidot, form). An order of EchinodermaiH, 

comprising forms which are usually stalked, and sometimes rseembls lilies 

in shape. 

CeooODILLA (Gr. krohodeilot, a crocodile). An order of lieptiles. 

Chop. A psraal dilatation of the gnUet, technically called " inglnvies." 

Crustacea (Lat. crH,'<fa, a crust). A class of articulate animals, comprising 

Crabs, Lobeters, &c., characterised by the possession of a hard shell or 

emst, whieh th^ csst periodically. 
Ctenocvst (Gr. l-ffh, a comb; l-i'.tdjf, a bag or cyst). Tho senseHngsn {pro> 

bably auditory) which occurs in the Ctenopiunu, 
OmoiD (Or. hteu, a comb ; eidm, form). Applied to tluMe soalsa of fishes, 

thus hinosr margins of wliich are fringed with spines or oomb^like projeetions. 
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CxBNOPHORA (Or. kteis, a comb; and plurOf I carry). An order of Aciino^fo, 
oomprising ooeanio oreatnres, whien swim hj means of " ctenophores,** or 

bands of cilia arranged in comh-like plates. 
CURSORES (Lat. curro, I run). An order of Aves, comprising birds destitute 
of the power of flight, but formed for running vigorously {e.^., the Ostrich 
and Emeu). 

Ct'SPiDATK, FTirnished with small pointed eminences or cusps." 

Cuticle (Lat. ctUicaia, dim. of culvi, skin). The pellicle which forms the 

outer layer of toe body amongst tiio Infkioria, The onter layer of the 

integii menf. o-cnerally . 
Cutis (Lat, sikm). The inferior vascular layer of the integument, often called 

the cutu vera, the corinm, or the derma. 
CtcLOTD (Gr. a circle ; eldoit, form). Applied to those scales of 6sbe» 

which have a regularly circular or elliptical outline with au even margin. 
Ctolostoict. Sometimes need to designate the Hag-fiabee and Ltmpreys, 

forming the order Marsipohranchii. 
Cyst (Gr. iuttisf a bladder or bag). A sac or vesicle. 
CrvFiOA. The embryonio forme (Molioes) of certain mteeUaak woitne (tape- 
worms), which were deioribed as a distinct order, until their true nature 

was discoyered. 

CrsTftlDXA (Or. itutitf a bladder ; and eidos, form). An ezUnot order of 

Decapoda (Gr. dfhi, ten ; poda, feet). The division of Crustacea which have 

ten ambulatory feet; alao the fkndlyof CntUe-flahes, inwhioh there are 

ten arms or cephalic processes 
Deciduous (Lat. decido, I fall oil). Applied to parts which fall off or are 

ebed during the life of the animal. 
Decollated (Lat. r boh ^ad). Applied to uniTalve ah^ls, the apex of 

which falls oflF in the course of growth. 
DBiNOSAnniA (Gr. deinagf terrible; lixard). An extinct order of 

Reptiles. 

Dendriform, Dekdbitic, DEifDitoiD (Gr. dendrmt, a tree). Branched like a 
tree, arborescent. 

DbntirostBFp; (Lat. dens, a tooth ; rostnim. a beak). The prroup of Perching 
Birds in which the upper mandible of the beak has its lower margin toothed. 
Dbrwa (See "Cutis''). 

Bkiimal (Gr, derma, skin). Belonging to the integument. 

Derhosclerites (Gr. derma, skin ; tileros, hard). Ma^^^e.^! of l^ioules which 

occur in the tissues of some of the Alcyonidoe {Aelinozoa). 
Desmidia. Hinute fresh-water plants, of a green oolonr, without a siliceous 

epidermis. 

Dkutekozooids (Gr. deuteros, second ; zoOn, animal ; eidos, form). The zooids 

which are produced by gemmation from zooids. 
Dextral (Lat. dextra, the rig^ht hr^iiH^. Right-handed ; applied to the direc* 

tion of tko spiral in the greater number of univalve shells. 
DiAPHRAOM (Gr. diaphragmat 9k partition). ^Die '* midriff, " or the muscle 

which in Mammalia forms a partition between the cavities of ^ thorax 

and abdomen. 

Diastema (Or. dia, apart; hirimi, to place). A gap or interval, especiaHy 

between teeth. 

Diastole (Gr. diatUllo, I separate or expand). The expansion of a contrac- 
tile eayity such as the heart, which follows Its contraotloii or systole." 

DiATOMACE-f; f Or. diaiemno, T sever). An order of minute plants, whidk are 
provided with siliceous envelopes. 

DtBRAVCRIATA (Or. dit, twioe ; hra^ia, gill). The order of Cephalopoda 
(comprisin^r the Cuttle-fishes, &c.) m which only two gills are present. 

DicTNODONTiA (Gr. dii, twice ; kwm, dog ; odoui, tooth). An extinct <»der 
of Reptiles. 

DiDBLPBiA (Or. <fw, twice; d^^pihu^ «m&b)w The subdivision of Mammals 
omaprisuig the Marrapials. 
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Digit (Lat. dufitus, a finger). A Bnger or toe. 

DlomORADA (Lat. difitiu; gradior. I walk). A subilivision of tLe CarnivaixL. 
DiQiTiGRADE. Walkuig Qpon the tips of the toes, and not ttpou the aolei of 
the feet. 

DiMEROSOMATA (Gr. dts; meros, part; soma, body). Ad order of Aracknida, 

comprising the true Spiders, so oalled from the marked divisum of the body 

into two regions, the cephalothotu end abdomen. The name Araneidak ia 

often employed for the order. 
DiMYART (Gr. di», twice ; muon,, muaole). Applied to thoee bivalTe HolluMS 

(Lai/iclUhninchiafa) in which the shell is closed by two adductor nnisclea. 
Bi^Gious (Gr. diSf twice ; oiJhos, bouse). Having the sexes distinct ; applied 

to species whieh oonsist of male and female indiTidnals. 
BiPUTOzooiDs. Detaclied reproductive portions of adult CahfeopkorieUtt an 

order of oceanic Mpdrozoa. 
BiFHTODOlVT (Chr. rft#, twice; phun, I generate; odotu, tooth). Applied to 

those Mammals which have two ^et.s of t^icth. 
Dipnoi (Gr. dis, twioe ; jmm, breath). The order of fishes represented by 

the Lepidotiren, 

DiPTEKA (Gr. dis, twioe ; pUrm, wing). An order of Insects oharaoterised 

by the possession of two winjc^s. 
Discoid (Gr. ditkoe, a quoit ; tulos, form). Shaped like a round plate or quoit. 
DifiCOPHORA (Or. dUkosy a quoit ; phn o, I cariy). This term is applied to 

the Aff-r/ufrr, or Jelly-fishes, from their form ; and is sometimes used to 

designate the order of the Leeches {Ilirudiiifa), from the suctorial discs 

which these animals po.ssess. 
Dissepiments ( Lat. dhxepio, I partition off). Partitions. Used in a restricted 

sense to designate certain imperfect transverse partitions, which grow from 

the septa of many corals. 
Distal. Appli ! to the quickly growing end of the hydroftoma of a Hydro- 

zo6ti; the opposite, or ''.proximal," extremity growing less rapidly, and 

being the end bj wnidi the onanism is flxed, when attached at all. 
Diurnal (Lat. dietf daj). Appued to animals which are aotiTe during the 

day. 

DtVEBTionLmr (Lat. dimrHeidwm, a bye-road). A lateral tube with a blind 

extremity, springing from the feido of another tube. 

Dorsal (Lat. dortvm, back). Connected with the back. 

D0R8IBRANCHIATE (Lat. dorsum, the back ; Gr. bragchia, gill). Having ex- 
ternal gills attadied to the back; applied to certain Annelides and Mollnscs. 
The term is of mongrel composition, and "ootofaranchiate" is more correctly 
employed. 

EcDEROK (Gr. (l\ out ; (Inos, skin). The outer plane of growth of the ex- 
ternal integumentary layer (vix., the ectoderm or epidermis). 

BODTBIB (Gr. tkduM, a stripping off). A shedding or moulting of the skin. 

ECHISOCOCCI (Gr. erht'Twg, & hedgehop; lolkos, a. berry). The larval t »rms 
(soolices) of the tapeworm of the dog ( 2'<enia ed*!inococcm), commonly known 
as "hydatids." 

EcHiNODERMATA (Gr. erJunon ; f\nd derma, skin). A cla.ss of anhnals com- 
prising the iSea-urchinSj Star- fishes, and others, mobt of which have spiny 
skins. 

EcHi.NoiDKA (Gr. ech hio.f ; attd »dotf foRtt). Ah order of SdwMtdmmtOf com- 

prising the Sea-urchins. 
EkmiNOLATE. Possessing spines. 

EOTOCTST (Gr. ekua, outside ; hutU, a bladder). Theeztonal investment of 

the coonojcinm of a Polj^zodn,. 
Ectoderm (Gr. eUos, andi derma, skin). The external integumentary layer of 
the C'oetenterata. 

EcTosARc (Gr. eiios; mrx. flesh). The outer tmnsparait sarcode-Iayer of cer- 
tain RhizovodSf such as the Amaiba, 

Edentata (Lat without; dtn»^ tooth). Aii order of MtmmaliA often 
called .^ruto. 
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Edrntuloos. Tootliless, without any dental appftratna. Applied to the 
mouth of any animal, or to the hiu^ of the bivalve Molluscs. 

Edriophthalmata (Gr. kedraioif tUmng; opAHa /fw o i, cgre). The difiakni of 
Crustacea in which the eyes are sessile, and nre not supported iipon stalks. 

Elasmobranchii (Gr. elasma, a plate ; Inigchia, gill). An order of Fishes, 
iocludinfir the Sharks and Ravs. 

Elytra (Gr. elutron, a sheatn). The cbitinous anterior pair of wings in 
Beetles, which form cases for the posterior membranous wings. Also ap- 
plied to tlM eeolee or pUtee on the twek of the Sea^monae (AfMrodiU}, 

Embryo (Gr. en, in ; hmn, I swell). The earliest stage atwlilch the yonng 
animal is recognisable in the impregnated ovum. 

EVOBPHALON (Gr. egcepkalof, brain). The portion of the oerelMNM^fBal ner- 
vous axis contained withiu the cranium. 

Enobphalous (Gr. «n, in ; kephaU, the bead). Po a e o g n iDg a distinct head. 
Usoally applied to all the MolluKa proper, except the LameUibmnehiata. 

Encystation (Gr. en, in ; hiKtis, a bag). The transformation under^rone by 
oertain of the Protozoa, when they Iwoome motionleM^ and aurround them- 
selves by a thick coating or cvst. 

Ehdibon (Gr. «it, in ; deros, skin). The faiMr plane of growtti of the outer 
integumentary layer (viz., the ectoderm, or epidermis). 

Endoctst (Gr. endon, within; kmtis, a bag). The inner membrane or intego- 
menterf lAyer of & Polyzoiht, In CrUtatMa, where there is no " eotoeyst^" 
the endocyst constitutes the etitiro integiiment. 

Endodsrm (Gr. endon; and derma, skin). The inner integumentary layer of 
the CoUmil«raia. 

Endofodite (Gr. endon ; and pons, foot). The inner of the two leoondary 
joints into which the typiciJ limb of a Crustacean is divided. 

Endosabo (Or. endon ; and $arx, flesh). The inner molecolar layer of sareode 
in the A moeha, and other allied hopo^fs. 

EnooSKKLSTON (Gr. endon, and siteUtos, dry). The internal hard structures, 
such as hones, which serre for the attaelmient of mnseles, or the protection 
of organs, and which are not a mere hanlening of the integument, 

Eyg lfOBM (Lat. entie, a sword ; forma, shape). Sword-shaped. 

EHTOHOraAOA (Ch*. entoma, insects ; pkoffOf I eat). A section of the Iforsn- 
pialia. 

Entomostraca (Gr. enfoma, insects ; ottraion, a shell). Literally Shelled 

Insects, applied to a ilivision of Crtt^acea, 
Entosoa (Gr. entoe, within; zoifm, animal). Animals whieh are panwitio in 

the interior of other animals. 
EocKNE (Gr. eot, dawn; kainotf new or recent). The lowest division of the 

TOrtiary RoekSy in which species of existing shells are to a small extent 

represented. 

Epidermis (Gr. qn, upon; derma, the true skin). The outer non-vascular 

layer of the skin, often mdled the scarf-skin or euHele, 
Epimrka (Gr. epi. upon ; minm, thigh). The lateral pieces of the dorsal arc 

of the somite of a Criuiacean, 
EnroDiA (6r. ept, upon ; pone, the foot). Mnseular lobee developed from 

the lateral and upper surfaces of the " foot " of some MoUhscs. 
Epifoditb (Gr. epi, upon ; pous, foot). A process developed upon the basal 

joint, or protopocite," of some of the limbs of oertain Cmdaaa, 
EnSTFHNA (Gr. €j)i, upon ; sternon, the breast-bone). The lateral frfoces of 

the inferior or ventral arc of the somite of a Crtutacean. 
EnSTOlfK (Or. epi; and ttoma, mouth). A Talve-like organ which arches over 

the mouth in certain of the Polyzoa. 
EpiTHECA (Gr. epi ; and ilieke, a sheath). A continuous layer surrounding the 

theosB in some Corals, and being the external indications of tabula. 
Epizoa (Or. epi, upon; zoUn, animal). Animals which are parasitic npon 

other animals. In a restricted sense, a division of Crmtliacea which are 

parasitic upon fishes. 
EQUILATBIIAL (Lat. (rtjiau, equal ; latite, side). Having its sides equal. Us- 

naliy applied to the shells of the Braekiopeida, When applied to the spiral 
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rIipIIs of ihe Foranimywa, it iDMiDB that aU the ooliToliitaoDe of tbe ahell lie 

in the same piaiie. 

EQT7IVALVB (Latb aquuBf equal; wbta, folding doon). Applied to dielb 

■which are composed of two equal pieces or valves. 
Errantia {laX. errOf I wander). An order of Annelida, often called ^iiWeidea, 

diatingauhed by their great locomo^e powers. 
EuRYPTERiDA (Or. «uru8, broad; ytenn, wii^). An extinot lub-order of 

Orttstacea. 

ExoPooiTK (Gr. exo, ontdde ; pout, foot). The ootsr of the two eeooodaiy 
joints into which the typical limb of a Crmfacean is divided. 

ExosKJBLETOM (Gr. exo, outside ; akdeto*, dry). The external skeleton, whlek 
is oottttitutea by a hardeiiing of the intaganinnt^ and ia often oalted a 
'* dennoakaleton.*' 

Fasciculated (Lat famcvivu, a bundle). Arranged in bnndlea. 

Fauna (Lat. Fauni, the rural deitieo of the HoDtana). The general anem- 

blage of the animals of any region or district. 
Femur. The thigb<bono, intervening between the pelvis and the bones of 

the leg proper {tibia and fibula). 
FiBuiA (Lat. a brooch), 'the outermost of the two bones of the leg in the 

higher Verttbrala; corresponding to the tt/na of the fore-arm. 
FlLUOBif (Lat. /I I'm, a thread ; forma, shape). Thread-shaped. 
FissiLiNOUT A ( Lat. ^iido, I cleave ; linffua, tongue). A diviaioa of Laeeiiiiia, 

with bifid tongues. 

Fission (Lat. j&ufo, I cleave). Multiplicatikm by meana of a prooeea of aelf* 

division. 

FissiPAHOus {Lai. ^ndo; eaxdparia, I produce). Giving origin to fresh struc- 
tures by a proceaa of fiadon. 

FIS8IR08TRES (Lat. JUuto, I deare; roitmm, beak). A aub-order of the 
Perohing'birdfl. 

Ft AOBtXTTM (Lat. for whip). The hush-like appendage eshlbited by many 1%' 
fiisorla, which are therefore said to be ** flagellate." 

Flora (Lat. Flora, the goddess of flowers). The general assemblage of the 
plants of any r^oQ or district. 

FooT-JAWB. The limba of OhtJtocea, wUch are modified to subewve mastica- 
tion. 

Foot-secretion. Tho term applied by Mr Dana to the sclerobasic corallum 

of certain Actirvozoa. 
Foot TUBEnrr Ks. The unarticulated appendages of the Annelida, often 

called parapodia. 

FOBAMDnFERA (Lat. foramen, an aperture ; ftro, I cany). An order of Pro- 

tozoa, usually characterised by the poessssion of a shell perforated Iqr 

numerous pseudopodial apertures. 
^UOITOROUS (Lat, frux, fruit ; voro, I devour). living Upon fruits. 
Fri^rT-LT M iLat. iim. of furra, a fork). The merry<th<M]ght " of bhrds, or 

the V-shaped bono formed by the united clavicles. 
FusiPOBlf (Lat. fiisus, a spindle; and forma, shape). 8pindle<«haped, or 

pcrfnted at both ends. 

Gallivaoei (Lat. galHna, a fowl). Sometimes applied to the whole oite of 

the Rawrial Birds, but properly restricted to that Section of tike Order of 
which tho common Fowl is a typical example. 
Ganglion ( G r. gag^lion, a knot). A mass of nervous matter containing nerve* 

cells, giving origm to nerve-fibres. 

GA>"<>in (< rr. ganof, splendour, brightness). Applied to those scales or plates 
wijich aro composed of an inferior layer of true bone covered by a superior 
layer of polished enamel. 

GanoiDEI. An order of Fi'^ho?. 

Gasteropoda (Gr. gaster, ntumach ; j/ous, foot). Tlie class of the Molhisca 
comprising the ordinary univalves, in whi U ■ comotion is usually effected 
by a muscular expansion of the under aorfaoe of the body (the foot j. 
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GEMKfiR {gemma, a bud). The bndi prodooed by any animal, whether de- 
tached or not. 

OBmcATTOir. The prooow of prodnoitig wm efcraetares by buddinflf . 
Gemmiparous (Lat. pnnma, a bud ; pario, I produce). Giving onghi to new 

structures by a process of buddiug; 
Oemvules (Lat. dim. of ^mem). The ciliated embryos of many CaleiUeraia; 

also the seed-like reproductive bodies or ''Bporcs" of Sjyonxfilla. 

G£fH7R£A (Gr. gephura, a bridge). A class of the Anaa^hropoda, oomprisio^; 
the Spoon-worms (Sipnneuhu) and their allies. 

GizzAUi). A muscular division of the stomach in Birds, Insects, &c. 

Gladius (Lat. a sword). Applied to the homy endoskeletou or *'pen" of 
certain Cuttle-fishes. 

Glenoid (Gr. </lr/ie, a cavity; eidos, form). A shallow cavity; applied espe- 
cially to the shallow articular caTityiu the shoulder-blade to which the head 
of the humerus is jointed. 

GiTATHiTBB (Gr. ffnatkotf a jaw). The masticatory organs of Crusfurea. 

GoxOf^LAsTrDiA (Gr. ffono.f, offsprinc,' ; Jifiutidion, dim. of hlasfus, a Viidh The 
processes which carry the reproductive receptacles, or ** gunophores," ia 
many of the Hydrotoa. 

GONOCALTX (Gr ':!"nos; and kaJv-X, c\ipV The swim Ml incf- bell in a niedtisifonn 
gOQophore, or the same structure in a gonophore which is not detached. 

GOKOPBORB (Gr. ponoi, and pkero, I carry). The gen^tiTe buds, or recep- 
tacles of the reprodueiiTe elemeDte, in ue Bfdntoa, whether these become 
detached or not. 

OoNOSOMF. (Gr. gonoB/ and toum, body). Applied as a oolleotive term to the 

reproductive zooids of a Ilydrozudn. 
GoNOTHECA. (Ur. gonotj and thekef a case). The chitinous receptacle within 

which the gonophiupes of certain of the Hydrotoa are produced. 
Grallatores ( Lat graUm, stilts). The order of the long-legged Wading Birds. 
GRATm ORoi s (Lat r/mnmn, a grain or seed ; voro, I devour). living upon 

grains or other seecU, 
Graituutida (Gr. graphs 1 wrhe; liiku, stone). An extinct sub-class of 

the Uydrozoa. 

GregarINIDa (Lat. gregariut, occurring in numbers together). A class of the 
Protozoa. 

Guard. The cylindrical fibrous sheath with which the internal chambered 

shell (phragmacooe) of a BeUmniU is protected. 
GtmnOLAIIata (Gr. oumnos, naked; laima, the throat). An order of the 

Polyzoa in which the mouth is devoid of the valvular structure knovm as 

the ** epistome." 

GTinroPBloVA (Gr. gnmnos, naked ; opkU, a snake). The order of the wfia- 

pliihia comprising the snake-like Cceci/nr. 
Gymnophthalmata (Gr. gv,mno$: and opIuJialmoa, the eye). Applied by Ed- 
ward Forbes to those Medtuoe in which the eye-specks at the margin of the 

disc are unprotected. The division is now abandoned. 
Gthnosomata (Gr. gumnos; and soma, the body). The order of Fteropoda in 

which the body is not protected by a shell. 
GynopHORES (Gr. guM, woman ; phero, I carry. The generative buds, or 

gonophures, of Hydrozoa, which contain ova alone, and differ in form from 

those which contain spermatozoa. 
Gyrenckphala (Gr. guroo, I wind abotxt; egheplialos, braiu). Applied by 

Owen to a section of the Mammalia in which the cerebral hemisplieres are 

abundantly cuuvuluted. 

Hamal (Gr. haima, blood). Connected with the bloodvessels, or with the 

circulatory system. 

BLahatoorta (Gr. haima, blood ; eruo$, cold). Apolied by Owen to the 
"cold-blooded " Vertebrates— viz., the Fishes, Ampnibia, and Reptiles. 

HiEiMATOTHERMA (Gr. fiaiaia, blood; thermos, warm). Applied by Owen to 
the warm-blooded" Yertebrates^vis., Birds and Mammals. 

Hallux (Lai. iidl*x, the thumb or gre&t toe). The innermost <^ the five 
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digits which normally oompooe the kind foot of a Vertebrate animal. In 

man, the prreat toe. 

Halteres ((>r. halteres, weights used hf athletes to steady tbemaelves in 
]eny>inL'). The nuliriK nt irv filaments or 'Umlancers" which represent the 
pobtarior pair of wings in the Diptera, an order of losects. 

HavSTBLLate (Lat Aavm, I drink). Adapted for suokingr 01^ pumping up 
fluids ; applied to the mouth of certain Crustacea and Insfda. 

Uectocoxyjuus (Or. hekatoHf a hundred; Jcotuloi, a cup). The metamor* 
pbosed reproaaotive arm of oertsin <» the nitle Cume-fishes. In the 
A r,/(„i(iu( tlio arm becomes detaehed, and was originall/ described as a 
parasitic worm. 

HKLMTlfTHOTD (Gr. kdmitUf an intestiuRl worm). Worm-shapctl, vermi- 
form. 

Hemelytra (Gr. kemif half ; elutron, a sheath). The wings of certain insects, 

in which tbe apex of the wing is membranous, whilst thu iuuer portion is 

chitinous, and resembles the elytron of a beetle. 
Hemimetabolic (Gr. hemi,\n\[l\ m-fithole. change). Applied to thosc Xnsccts 

which undergo an incomplete metamorphosis. 
Heioftera (Or. kmi; and pteron, wing). An order of Insects In which the 

anterior winj?s arc Rometimes "hemelytra." 
Hermapurodite (Gr, llanus. Mercury; Aphrodite^ Venus). Possessing the 

oharaotera of both sexes combined. 
Heterocercal (Gr. heterot, diverse; kerkos^ tail). Applied to tho tail of 

Fishes when it is unsymmetrical, or composed of two unequal lubea. 
HXTEBOOAHOUATB (Or. kderea, diTsne ; gaggliwif a knot). Fosseasinjf a 

nervous system in which the ganglia are scattered and unitymmettioal los 

in tbe MoUumx^ for example). 
Hbtbbomorphto (Gr. heterot; morphe, form). IMflhringr^n form or shape. 
HKTKrtOPHAGi ,(^1. ftfierux, other; pfuu/u. I eat). Applied to Birds the young 

of which are born in a helpless condition, and require to be led by the 

parents for a longer or shorter period. 
Hbxapod (6r. Aesa, six ; pout, foot). P o ss e ss i ng six legs ; applied to the 

Tnffrta. 

HiLUM (Lat. kiluin, a little thing). A .small aperture (as in the gemmules of 

sponges), or a small depression (as in Noctiluca). 
Hirudinea (Lat. Airudo, a horse<leeob). The order of Anndida comprising 

tbe Leeches. 

HI8TOLOOT (Gr. hUios, a web ; loffot, a discourse). Tbe study of the tissues ; 

Tnor-3 especially of the minuter elements of the body. 
HuLOCEPHAU (Gr. hofos, whole; kepimk, head). A sub-order of ihQ Eliumo- 

broMekii comprising the Ckimegrof, 
HoLOMETABouc (Or. hn^n^. \vhn]c : virf.-fi.nh^ changc). Applied to Insects 

which undergo a complete metamorpboHS. 
HoLOBTQMATA (Gr. hohtj wholo ; tHomay mouth). A division of Oastempod<m$ 

Molf ii.>ir!t, in v'iiich t'le aperture of the shell is rounded, or "entire." 
HOLOTHUROIDEA (Gr. kolotiiourivn ; and eidoSf form). An order of £lchmoder- 

maia eompHsingr the Trepangs. 
HoMuCKHCAL (Gr. homos, same ; hviox, tail). Applied to the tail of Fishcs 

when it is symmetrical, or compnscii of two equal lobes. 
Homoqanoliate (Gr. hamos, like , 'jajyiUmj a knot). Having a nervous sys- 
tem in which the ganglia are symmetrically arrsnged (as in the AnwiJUmf 

for example). 

Homologous (Gr. homos ; and logos, a discourse). Applied to parts which 

are oonstmeted upon the same fundamental plan. 
HoMOMORPHouH (Gr. fumoij and s«e^pA«, form). Having a similar external 

appearance or form. 
Humerus. The bone of the upper arm (bradkiwm) in the Vertebrates. 
Htaline (Gr. hualos, crystal). CrystallinG or glas.sy. 

Hydatids (Gr. hudaiit, a vesicle). The vesicle containing the larval forms 

( JSdUaoeoerQ of the tapeworm of tiie do^, 
Htdiutobm. Besembling the common fresh-wator polype {Hydra) in form. 
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Hydrogaulus (Gr. hudrOf a water-serpont^ aad iauhi, a tiem). The maia 

stem of the cosnodarc of a Hifdrozoffn, 
Hydroctbts (Gr. kudra ; and ttutis, a cyst). Curioat proces^s attached to 

the coennsarc of the Ph^itpAondas, and termed " feelen " {/UAler and toMter 

of the GermaoH). 

HTDEOEOtim (Or. kudra; and mkm, a hoiiM). The chRmber into which tbe 

coenosarc in many of the Caiyropkarxda; can be retracted. 
Utdroida (Gr. /i*ulra; and eidos, form). The sab-class of tho Mydrozoa, 

which ecnnprises the animaU most nearly allied to the Hqdm, 
HTDBOPHTLLTa (Gr. hiiJra ; and phyllon, a leaf). Overlapping aprenf^aG'P'i 

or plates which protect the polypites in some of the Oceanic iiydroioa 

{CMycorphorida and Phi/xophorid^. Thcj are often termed " brasfai,** and 

are the " rfeckatHcie" of the Germans. 
Htdbobuiza (6r. hudra; and rhiea, root). The adherent base or proximal 

eactrsmity or any IltfdroaoOu, 
Htdrosoma <0r. hmdra; and mma, body). The cntiM oiganiim of any 

Htdrothrca (Gr. Kudra : and ihdx, a caae). Tho UtUe ohitiaoiu oopa la 

which the polypites of the Sertularlda and Campa)iuUirula are protected. 

Hydro zoA (Gr. ntidra ; and zoon, animal). The class of the CctUtOaula, 
which ooraprises animals constructed after the type of the Hydro. 

Htmbnoptkra (Or. hupu», a membrane ; pteroK, a wing^). An order of In- 
sects (comprising Bees, Anti| lus.) chataoterieed by tho pofloeaiion of four 
membranous wings. 

Htoid (Gr. U; eidot, form). Tbe bone which supports the tongue in Ver- 
tebrates, and cUriroa ita namo inm. its reMmblanoo in man to tho Greek 
letter U. 

Htpobtome (Gr. hupoy under ; stoma, mootii). The upper lip, or ''labnun,** 

of certain Crtutarea (r-'r, Trilobites). 
Hybacoidsa (Gr. hurax^ a shrew ; eido$, form). An order of the Mammaiux 
constituted for the reception of the single genus Uyrax, 

lOHTHTODORnuTE (Gr. iththHt, fish I dorm, spear ; lithm, stone). The fossil 
fin-spines of Fishes. 

ICHTH YOMoliPHA (Or. ichihus ; mnrph^, shape). An order of Amphibians, oftCB 

called Urodda, comprising the lish-like Newts, &c 
ICBTRTOPHTHIRA (Gr. ichthns ; phihir, a lotise). An order of OvJteeM oom- 

prising animals which are parasitic upon Fishes. 
ICHTHYorsiDA (Gr. ichthnx : opsin, appearance). The primary division of 

Verlebrata, comprising the Fishes and Amphibia. Often spoken of as the 

Branchiafe Vertebrata. 
TonTHTrx'Truvr.iA (C^r. ichthns ; pterux, winp). An e:?tinct order of Reptiles. 
Icu TH vo.sAUUiAiGr. ichthiu; taura, iizaurd). Synonymous with IcUUittoittet tftfia, 
Ilium. The luuinch-bone» one of the bonea of the pelvio areh io the hicrber 

Vertebrates. 

lUAOO (Lat. an image or apparition). The perfect insect, after it b^is uuder- 
gone its metamorphoses. 

Tmbricated. Applied to Bcale^^ or plates which overlap one another like tiles. 

Incisor (Lat. mado, I cut). The cutting teeth fixed in the intermaxillary 
bones of the Afammalia, and the <wrresponding teeth in the lower jaw. 

lNKQurL.\TERAL. Having the two sides unequal, a.s in tbe case of the shells 
of the ordinary Invalves (LameltibrauchicUa). When applied to the shells 
of the Foramiii if ra, it implies that the oenToltttions of the shell do not lie 
in the same plane, but are obliquely wound round an axis. 

Inequiyalve. Composed of two unequal pieces or valves. 

Intundibulum (Lat. for funnel). The tube formed by tbe ooaleseeooe or 
apposition of the epi podia to the Cofkaimtoda. Commonly termed the 
funnel," or " siphon." 

Infusoria (Lat. ittfnsum, an infusion). A class of Protozoa, so called be- 
cause they are often developed in ot^puilc infusions. 

IXQUIKAL (Lat. ingum, groin). Connected with^ or situated upon, the groin. 
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JsorERCUhATA (IsL in, without ; operaUum, a lid). The division of pul- 
inonate OoMteropoda in which tb«re is no shelly or horny plate (opereulnin) 

by which the shell is closed when tho animal is withdrawn within it. 
Insecta (Lat. in»ecOf I eat into). The class of Articulate auimali commonly 
known as Insects. 

Insectivo RA ( Lat. trueaum, an insect ; von, I derour). An <wder of Mammals. 

Insectivorous. Li^-inpf \ipon IrT^ects. 

Inskssorks {LaI. hisedeOf 1 sit upon). Tho order of tlio Perciiiug Birds, 
often called Pasteres. 

Inter AMBHLAORA. The rows of plates in an .£(Aiaocfom whioh are not per* 
forated for the omission of the *' tube-feet." 

IWTERMATrf.t.Jl, or PRiBHAXiLiJB. The two booes whxdi are nitnated between 
tho two superior TOftxilUe in Vertehvata. In man, and some monkeys, the pree- 
maxillae fuichylose with the maxiUss, bo as tu be irreooffnisable in the adult. 

iHTUBSUBOEPnoN (Lat intutj within ; tuseipio, I take up). The aet of taking^ 
forcif'H matter into a living being. 

IirvERTEBRATA (Lat. iti, without ; vertebra, a bone of the back). Animals 
without a spina] oolumn or haokbone. 

IscuirM (Gr. uAiom, the hip). One of the bonea of the pelvic arch in Ver- 
tebrates. 

IBOIOBA (Or. iiotf equal ; poda, feet). An order of Onatacem in which the 
feet are Uke one another and equaL 

JuouLAR (Lat. jvgulum, the throat). Connected with, or placed upon, the 
throat. Applied to the ventral fliiff of fishes when thiBy are placed beneath 
or in advanoe of the pectorals. 

KahTOSOIO (Gr. haxnos, recent ; zoe, life). The Terliaiy period in (xeology, 
compri^in^ tho»o formations in which the organic lemains approximate 
more or lens closely to the existing fauna and flora. 

Keratodb (Gr. heratj horn ; eidos, form). The homy substance of which the 

skeleton of many ?;ponges is nindf up. 
Kekatosa. The division of bxH>uges in which the skeleton is composed of 
keratode. 

Labium (Lat. for lip). Bestrioted to the lower lip of Articulate animals. 
Labrttm (Lat. for lip), liestrioted to the upper lip of ArtiouUite animals. 

LaBTRINTHoDONTIa (Gr. fafiyTLuihns, a labyrinth; odnvs, tooth). An eztinot 
order of AtaphiJbia,, so called from the oomploi: microscopic structure of the 
teeth. 

Lacertiija (Lat. laceiia, a liiard). An order of JtgptUia comprising the 

Lizards and Slow-worms. 
L«MODiPODA (Gr. laima, throat: dis, twice; poda, feet). An order of Cnuh 

iacea, so called because they naTC two feet placed far forwards, as it were 

under the throat. 

XiAMELLIBRANCniATA {L.at. ianieJia, a ^late; Gr. hragchta, gill)- liio ciass of 
Moll uj<ra, comprising the ofdinaiy bivalTes, characterised by the posssssion 

of lamellar gWla. 

Lamellirostres (Lat. lamella, a plate ; rostmm, beak). The fiat-billed 
Swimming Birds (XatnUires), such as Ducks Geese, Swans, Ice. 

IjARTA (r.nt. a nin<^i: l Tlio insect in its first staji'?' nfter its cmMgCnCC from 
the egg, wiien it is usually very difieront from tlie adult. 

Labtkx. The upper part of the wind-pipe, forming a cavity with appropri- 
ate muscles and cartilages, situated beneath the hyoid bone, and concerned 
in Mammals in the production of vocal sounds. 

LRimoDLAR (Let. Imjtj a bean). Shaped like a bieonTCx lens. 

liEPTDOi'TFRA (Trr. '' / w, a scale ; nterov, a winu:). An order of Tr '^rcts, com- 
prising ButterAies and Moths, ooaracterised by possessing four wings which 
are usually covered with minute scales. 

Lepidota (Gr. lepu, a scale). Formerly applied to the order JHpiuii, con- 
taining the Mud-fishee (L^indaiirm), 



Digitize^! by Google 



588 GLOSSARY. 

Leptocardia (Gr. leptos, slender, small ; canliaj heart). The name given by 
Mliller to the order of FishM comprising the Lanoetety now called PAoryn- 

ffobruTuhiL 

LiOAMEMTUlc sucHiB (Lat. nuchdj the nape of the neck). The band oi eloatic 
fibres by vfaieh the weiprht of the head in Mamntaiia is supported. 

Lkh-i a (Lit. /!:/uh(, a littio tongue). The upper flenble portion of the 

labiiua or lower lip in Insects. 
Ltngual (Lat. Hngtia, the tongue). Connected with the tongno. 

LI88ENCEPHALA (Gr. fuxojt, smooth ; e^iephalos, brain). A primary division 
of Alamnialia, according to Owen, in which the oerehral hentispheres are 
smooth or have few convolutions. 

L1TBOCTST8 (Gr. liUioSy a stone ; huti»t a oyet). The sense-orgens tx ** mar- 
ginal ho(!ie-< " of the Lucernarndu or Stey^nophtkalmate Mednsf^. 

LiUNGii'i:>^ATJu \LaL louyut, long; ptmia, wing). A grovip of the Natatorial 
birds. 

LoNGlROSTRES (Lat longm ; rostrvm, beak). A group of tho Wading birds. 
LoPHOPUOKB (Gr. lo^/uMif a crest ; and phero, I carr^). The disc or stage upon 

which the tentacles of the Polyzoa are borne. 
LoPBTKOPODA (Qr. U^phowroif having stiff hairs ; and p<dtk, feet). An order 

of (JrutUuxa, 

LOBICA (Lat a brsast^plate). Applied to the proteotiYO ease witii which 

certain Infusoria are provided. 
LoRiOATA (Lat, Unica^ a cuirass). The division of Ileptiles comprising the 

ChBimia and Cfroeodtiia, in which bony plates aredevelopud iniheskiii(€C«rma). 
LuCERNARiDA (Lat. lucema, a lamp). An order of the MydtooM, 
LuHBAB (Lat. lumbtiJi, loin). Ck>nnected with the loins. 
Ltjnatb (Lat. Itma, moon). Gresceutic in shape. 

Ltencephala (Gr. luo, I loose; ^k^ktttoi, brain). A primary diviaioii of 
MftTnmft^ ff^ according to Owen. 

Macrodacttli {Qt. fnairoi, long; daituht, a finger). A group of the 

Wading birds. 

Macruba (Gr. makroi, long; r>u?a, tail). A tnbe of Decapod Cr%uUiceatu 

with long tails («.o., the Lobster, Shrimp, &c.) 
MAnHKPoniFoipr. Perforated with small holes, like a coral ; applied to the 

tubercle by which the ambulacra! system of the Echinodimu mostly com- 
municates witii the exterior. 
MalacostraCa (Gr. rnalalotf soft; osirakon, shell). A dinsiou of Cj-mtarfa. 

Originally applied by Aristotle to tho entire class Vi-ustaceUf because their 

shells were softer than those of the JfoUfueo. 
Hali.oi>ha(}a (Gr. rnallos, a ileece ; phi^ I eat). An order of Insects whicb 

are mostly parasitic upon birds. 
MAilvAtrA (Lat. the breast). The class of Vertebrate animals which 

suckle their young, 

MaNDIBLK (Lat. i}ia7idibulum, a jaw). The \ipper pair of jaws in Insects; 

also applied to one of the pairs of jaws in CrustcKea and Spiders, to the 

beak of C'epbalopods, the lower jaw of Vertebrates, &c. 
Mantle. The external intoErnment of most of tho ^lollusca, which Is Irtrn-oly 

developed, and forms a cloak in whicb ihe viscera are protected. Tcchui- 

cally called the "pallium." 
MANUnRTUM (Lat. a handle). The polypite which is suspended from the roof 

of tho Bw iiuniing-bell of a Medtua, or from tho gonocalyx of a medusiform 

gonophore amongst the Hydrozoa. 
MaN'L s (Lfit. the hand). The hand of the higher Vertebrates. 
MaRSIPObranchii (Gr. marnuotf a pouch ; bragcAia, gill). The order of 

Fishes oompridng the Ha^r-nslies and Lampreys, with pouch-like gills. 
Marsupiat.ta (Lat. marsujnum, a pouch). An . r ler of M.ammals in which 

the females mostly have an abdominal pouch in which the young are carried. 
Mastax (Gr. mouth). The muscular pharynx or " buccal funnel^* into wliich 

tho mouth 9pens in most of the Rofiftra. 
JdAaiiCATORY (Lat. moiiico, I chew). Applied to parts adapted for chewing. 
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Maxilla (Lat. jaws). The inferior pair or pairs of jaws in the ArU^ng^oda 
(Inaects, Cmstacea, kc.) The upper jaW'bones of Vertebrates. 

Maxilltprdes (Lat. maxUlm, Jaws; iwf, the foot). The limba in Chwfa«ea 
and Miiriapcda which are converted into masticatory organa, aod are com- 
monly called ** foot- jaws.'* 

IfBDTTLLA (Lat. marrow). Applied to the manw of bonea, or to the apixial 
cord, with or without the adjective '* .Hphialis.** 

M£DU3A An order of Mvdrozoa, commonly known an Jdly-fiabes {DUco- 
• phora, or Aeatevha), so called beeanae of the reaembhtusa of their teotaolea 
to the snaky hair of the Medusa. Many M«dM$at are now Imown to be 
merely the gonopborcs of Hydrozoa. 

Med dsiform. Rowmblin^ a Mtdum in shape. 

MXDUSoiD. liW^K Medusa; uaed anbatantiTely to dealgnafce the medusifonn 

gonophores of the Il>/drn;oa. 
Mkmbrana NICTITans (Lat. uicto, I wiDk). The third eyelid of Birds, kc. 
Hbrtum (Lat the ohin). The naaal portion of the labium or lower lip in 

Insects. 

Merostokata (Gr. miron, thigh ; stoma, mouth). An order of Crustacea in 
whieb the appendages which are placed round the mouth, and whicb offi' 
ciatc an jaws, have their free eztremitiea developed into waUdng or pre* 
hensile organs. 

Mbsbhtbriss (Gr. moos, intermediate ; tuierm, inteatSne). In a reatrioted 

sense, the verticnl plates whieh divide the aomatio oavity of a Sea-anenume 

{Actinia) into chambers. 
MsflOPODnTM (Or. nuMos, middle ; pons, foot). The middle portion of the 

"foot" of Molluscs. 
Mesostebnum (Gr. meaos, intermediate ; stermn, the breast-bone). The 

middle portion of the aternum, interreniug between the attachment of the 

second pair of ribs and the xiphoid cartilage {xiphSxtrrnum). 
Mesothorax (Gr. metot; and thorax, the cheat). The middle ling of the 

thorax in Insects. 

Mesozoic (Gr. mesoa; and zm, life). The Secondary period in ( - uIol. ^ . 
METACAnPiTS (Gr. meiay after; karpos, the wrist). The bones which form the 

*• root of the hand," aihd intervene between the wrist and the fingers. 
HtTAMOBPHOSIS (Gr. meta, implying change ; mor^he, shape). The chani^ 

of form which certain animala midergo in paaaing from their younger "to 

tbeir fully-grown condition. 
Mbtapodium (Qr. meia. Biter ; potts, the foot). The poaterior lobe of the 

foot in Mollusca ; often called the ** opercnUgormis lobe," beeauae itdeve> 

lops the operculum when this structure is present. 
Mbtabtoka (Or. mOa, after ; Homa, mouth). The plate wbieh oloaes the 

mouth posteriorly in tbo f^'rustocea. 
MiiTATARSDa (Gr. vMtaf after ; tarsoSt the instep). The bones which inter- 
vene between the bones of the ankle {t<»rm$) and the digits in the hind-foot 

of the higher Vertebrates. 
Metathorax (Gr. meta,, after ; thorax, the cheat). The posterior ring of the 

thorax in Insects. 

Mimetic (Gr. minu'tikoSf imitative). Applietl to organa or animals whieh re* 
semble each other in external appearance, but not in essential stnicture. 

Molars (Lat. mola, a mill). The " grinders " in man, or the teeth in diphyo- 
dont Mammals which are not preceded by milk-teeth. 
' MoTJ.nsrA (fiSt. mollis^ soft). The sub-kingdom which includes the Shell- 
fish proper, the Polyzoa, the Tunicataf aod the Lamp-shells ; so called from 
the generally soft nature of their bodiea 

HotiLUBOOiDA {Mollmca ; Gr. eidos, form). Thn lowrr diviaion of the If fljUnMa, 
oomprising the I^oijfzoa, Tuaieaia^ and Brackiopoda. 

MoiTADB (Gr. eumcM, unity). MioroaeopicBl organiama of an extremely 
simple character, developed in organic mfuaiona. 

MoKOCULOUB. Possessed of only one eye. 

MONODBLFHU (Gr. flioaof, single ; delpkus, womb). The divirion of Mammalia 
in whidk the uterus ia dngle. 
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M()NCF:ciors (Or. mnnos, single; <nto$, houao). Applied to individuals in 

which the aexes are uuited. 
MoiroMTART (Or. monMt Btnorle ; mtum, muscle). Applied to those bivahree 

{LattuUibranchJafa) in which the shell is closed by a sinplo adductnr mnicle. 
MoNOPuroooNT (Gr. mono*; phuo, I t^enei-ate; odouSf tooth). Applied to 

thoee Mamnialt in which only a mngM set of teeth it ever developed. 
MonotHat ,Mous (Gr, munos ; and thaiamos, chamber). Ponsessni^r only a 

single chamber. Applied to the shells of Foramia^era and Moilusca. 
MoiVOTRBilATA (6r. monot ; trma, aperture^. The order of Maimnals oom* 

prising the Duck-mole and Echidna, in which the inte8tinal cAiml opens into 

a " cloaca " common to the ducts of the urinary and generative organs. 
MuLTiLOCULAR (Lat. intUtM, many; loculus, a little purse). Divided into 

many chambers. 

MuLTiTALVE. Applied to shells which are composed of many pieces. 
Mur.TrN(JUL.v (Lat. muitus, many; uui/aUi, hoof). The tlivisiou of Periaso- 

dactyle Ungulates, in which each foot has mt>re than a sinf^e heofl 
Myki.on (Gr. 7H'U'fo.f, marrow). The spinal cord of Vertebrates. 
Mykiafoda (Gr. muriotf ten thoxisand; poda, feet). A class of ^r(Aropo<ia 

comprising the Oeotipedee and their aUiee, obaraoterised by tbeir numer^ 

one feet 

NAOBaouB naerty mother-of-pearl, originally Orieotal). Pearly, of tbo 

texture of mother-of-pearl. 
Natatores (Lat. nare, to swim). The order of the Swimming birds. 
NA7AT0RT (Lat. nare, to swim). Formed for swimming. 
NaDTILoid. Resembling the shell of the yautiltLs in shape. 
JNfcruOALTX (Or. necho, I swim ; hidux, cup). The swimming-bell or " disc*' 

of a Medum or Jelly-fidi. 
Nematelmia (Or. nema, thread ; helmiru, a worm). The dirisloB of SeeUekUt 

comprising the Round- worms, Thread-worms, &c. 
Nematocysts (Gr. nema, thread ; Icudijs, a bag). The thread-cells of the Cct- 

lenterata. {See Cnidse). 
Nematoidea (Gr vma, thread ; eidoit, form). An order of SooUdda comprise 

ing the Thread-worms, Vinegrar-eels, ko. 
Nbuatofhorbs (Gr. nmu, thread \vken>, I carry). CsBoal proceeaes found 

on the ccenosarc of certain of the ArtiiUM'ida^ containing nametoua thread- 
cells at their extremities. 
NsHiBTlDA (Or. Neinertu, proper name). A division of the Tux^kurioM 

Wornu, commonly called ''Ribbon-worms." 
NiSRYUBEa (Lat nervus, a sinew). The ribs which support the membrauous 

wings of insects. 

Neur AT. Gr. nfuron, a ncrvo). Connected with the ncrvo\is system. 
NfiURAPUFHTSis (Gr. ncuroM, a nerve ; apopkutUf a projecting part). The 

" spinoQB pn>ces8 " of a vertebra, or the prooessfbnned at tbe point of jano* 

tion of the neural arches. 
NsUBOPODiUM (Gr. neuron, a nerve ; pous, the foot). The ventral or inferior 

division of the "foot-tuberde" of an Anntltde; often called the "ventral 

oar." 

NeUROPTERA (Gr. neuron ; and pteron, a winj^). An order of Insects charac- 
terised by four membrauous wings with numerous reticulated uervurea 
(e.g., Dragon-flies). 

Nedtku (Lut. neither the one nor the otherV Having? no fully developed sex. 

NiDii-iCATio.N (Lat. nidtts, a nest ; facia, 1 make). The building of a nest. 

NocnmNAL (Lat. nor, night). Applied to animals which are active bynlght* 

Normal (Lat. norma, a rule). Ci iifi irnit L'' to the ordinary standard. 

NoTUBitA.NCtUATA (Gr. notos, the buck ; and bragdiia, gill). Carryiug the gills 
npon the back ; applied to a division of the A nneliaa. 

NOTOOHORD (Gr. notos, back ; chorde, string). A cellular rod wIjIcVi is devel- 
oped in the embryo of Vertebrates immediately beneath the spiual cord, 
and which iauaoally replaced in the adult by the vertebnleoiQiiiii. OHen 
it IB i^ken of aa the "chorda donalii.'' 
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NOTOFODnm (6r. noto», th« ImmIc ; and bm», the foot). The dorsal division of 
one of the foot^tabMeles or parapooia of an Anndidt; ofien oaUad the 
** dorsal oar." 

NooLEATEBw Powenfai^ a nnoleus or central partielo. 

NucLEOLt'3. 1. The minutn scilid p"trticle in the interior of the Tmrlen-^ of 
some cells. 2. The minute spherical particle attached to the exterior of 
the " nudeiu/' or ovary, of oertain lufvuoria, perfbrmingr the ftinciioBB of 

a testicle. 

NucLBUs (Lat. nucUus, a kernel). 1. The solid or vesicular bodv found in 
many cells. 2. The soKd rod, or baad-sbapod bodv, found in the interior 

of many of the Protozoa, and having, in certain otifnem, the functions of an 
ovary. 3. The madreporiform tubercle " of the EchinocUrmaia. 4. The 
embryonic shell which is retained to form the apex of the adult shell in 
many of the Moll ami. 

NuBiBRANCHiATA (Lnt w»fr7?/,», mVcd : and Or. kn^idffpM), An ordarof 
the (JasUropoda in which the giiiii are naked. 

Nymphs. Too aetivo papn of oertain Inaoota. 

OoomraL. Connected with the occiput , or the back part of the head. 

OoBaHlo. Applied to animals which inhabit the open ooeaa (^pelagic). 

OOFXLi (Lat. diminutive of octilus, eye). The simpla ojoa of many JBchiao> 
derms, Spiders, Crustaceans, Molluscs, &g. 

OcnoPODA (Gr. oeto, eight; potts, foot). The tribe of Cottle-flahes with eight 
arms attached to the head. 

Odontookti (Gr. odoMf tooth; iceias, whale). The "toothed" Whales, in 
eontradistinctioQ to the '* whalebone ** Wbalea. 

Odontotd (Gr. od""-^ : fnlos, form). The "odontoid process" is the centrum 
or body of the tir»t cervieal vertebra (atlas). It is detached from the atlas, 
and is usually anohylosed with the second cervical vertebra (axis), and it 
forms the pivot upoto which the hoad rotates. 

ODONToriioni' (''^r. c</ow, tooth ; phero, T carry). The so-called "tongue,'* 
or masticatory apparatus of Gtuteromda, Ptcropoda, and L'q)lialopoda. 

CBSOFHAOUB. The gullet or tube leaaing from the mouth to the stomach, 

Oligochjeta (6r. oli^os, few ; chaite, hair). An order of AjM^ida, oompria- 
ing the Earth-worms, in which there are few bristles. 

Omasum ( Lat bullook*a tripe). The third ttomaoh o£ Rnmsnants, commonly 
called the jtsalterium, or many-plies. 

Omnivorous (Lat. omaia^ everything ; voro, 1 devour). Feeding indiscrimin- 
ately upon all aorta of food. 

Operculata (Lat. opercnlvm, a lid). A division of pnlmonato Oarieropoda, 
in which the shell is closed by an operculum. 

OnmouLUM. A homy or shelly plate developed in eertidn MoUu$ca npon tbe 
hinder part of the foot, and servinp: to close the aperture of th© shell when 
the animal is retracted within it ; aJso the lid of the shell of a Balanus or 
Aoom-shell ; alao the chain of flat bones ivldeh oover the gills in many 
fishes. 

Ophtdia (Gr, aphis, a serpent). The order of Reptiles comprising the Snakes. 
Ophidobatraciiia (Gr. ophis; batrackos, a frog). Sometimes applied to the 

order of Snake-like amphibians comprising the OaecUia, 
Ofhtomort RA (Or. op&if/ morpki, shape). Th» order of AmpkSna wmpeuiing 

the CixcduB. 

Ofhiuroidba (Or. opkU, snake ; ottn(,tail ; eidos, form). Anorderof Jieftta- 

od«rmat(t, coraprisinpr the Brittle-star? and Sand-stars, 
OnBTHOBRAKCHiATA (Qr. opisthen, behind ; bragchut, gill). A division of 

OatUropoda, in which the gills are placed on tbe posterior part of the body. 
OPISTEiorrrr.oirs (Gr. opistken,hehvaA\ koUos. holloAv). Ap|^ied to vertebim, 

the bodies of wtiich are hollow or concave behind. 
Oral (Lat. o*. mouth). Connected with tbe moutii. 
ORNiTtioDKT.PHiA (Gr. orntV, a hird ; df.ljyhus, womb). The primatj division 

of Mammals comprising the Monotremata. 
ORTHonxBA (Or. mrtkoB, straight ; pteiw, wing). An order of Inaeets. 
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OscuLA (Lat. diminutive of os, mouth). 1. The large apertures by which a 

sponge is perforited ('^exhalant apertures *'). 2. Tbu hueken with which 

the Ticnuuht (Tapeworms aud Cystic Worms?) are provided. 
OssiCULA (Lat. diminutive of ox, boue). Literally small bunes. Often used 

to designate any hard structures of small stie, «ioh ai the oaloareoiw plates 

in the iiitoprumont of the Star-fishes. 
OSTRACODA (Gr. wtrakoii, a shell). An order of small Crustaceans which 

are enclosed in bivalve sholls. 
Otot-TTHs (Gr. oux, ear; and litfio^, stone). The calcareous bodies oonneoted 

with the sense of heai-iug, even in its most rudimentary form. 
OvARtAK Vesiclbs Of C^PsoLBS. The gonophoret or generative buds of the 

Hi/drozoa. 

OvART (Ovarium). The organ by which ova are produced. 
OnPAROUS (Lat. <man, an egg; and pario, I bring forth). Applied to animals 
which bring: forth egisSy in oontiadiskinetion to (hose which bring forth their 

young alive. 

Ovipositor (Lat. ovum and pano, I place). The oigan possessed hj some in- 
sects, by means of whioh the eggs are placed in a position suitable for thsor 

development. 

Ovisac. The external bag or sac in which certain of the Invertebrates caiTv 

their c^gs after they are extruded from the body* 
OvoviVlPAROUS (Lat. nrum. oo'g' ; vtvtt.t, alive; pario, I produce). Applied 

to animals whioh retain tbeir eggs witiiin the body until they are hatched. 
Otum (Lat. an egg). The germ produced within the ovary, and capable 

under gertain oonditions of hwag developed into * new iodividuaL 

Paobtdbrkata (Or. paehtu, thick ; derma, skin). An old Mam malkm order 
constitnted by Cuvier for the ceoeption of the Bhinooeros, Hippopotamus, 
Elephant, &c. 

Paljiontoloot (Gr. palaim, ancient; and U>goi, discourse). The science of 

fossil remains or of extinct organised beings. 

Pal^zoic (Gr. ptiiaios, ancient ; and zoe, Ufej. Applied to the oldest of the 
fpmt geological epochs. 

pALLiU.M ^Lat. /xf//i«n!, a cloak). The mantle of the J/b^^w.tw. PalHal : re- 
lating to the mantle. Pailial line or impres»U>n : the line left in the dead 
shell Dy the musoular margin of the mantle. PeUlitU Ml : a shell which is 
secreted by, or contained witl^, the mantle^ such as the "bone" of the 
Cuttle-fishes. 

i'ALLioBRANCUiATA (T^at. pallt'utn ; and Gr. bragchtaj gill). An old name for 
the Bnehiopoda, founded upon the belief that the system of tubes in tiie 
mantle constituted the gills. 

Palpi (i^t. p<jUpo, 1 touch). Processes supposed to be organs of touch, de- 
veloped from certain of the oral appendages in Insects, Spiders, and Crus- 
tacea, «nd from the sidett of the mouth in the Acephalous Mollusos» 

Papilla (Lat for nipple). A minute soft prominence. 

Parapodia (Or. para, beside ; poda, feet). The unarticulated latersl looomo- 
tive processes or ** foot'tubercles " of many of the ,1 nnelUla. 

Paiuetal (Liat paries, a wall). Connected with the walls of a cavity or of 
the body. 

Parietosplaxchnic (Lat. jxiries : Gr. spla<ichna, viscera). Ai)plied to one 
of the nervoiui ganglia ox the MoUtuca, which supplies the walls of the i)ody 
and the viscera. 

PaRTHKN(k;ene.si9 (Gr. paiihenos, a virgin ; and qlgnomai, to be bom). 
Strictly speaking, confined to the production of new individuals fn>m virgin 
females by means of ova without the intervention of a male. Sometimes 
used also to designate asexual reproduction by gemmation or fission. 

Patagium (Lat. the border of a dress). Applied to the expansion of the in- 
tegument by which Bats, Flying Squirrels, and other aninoals support them- 
selves in the air. 

pATKTJ.A The knee-cap or knee-pan. A sesamoid bone developed in the 
teudou of insertion of the great extensor muscles of the thigh. 
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Pectinatb (Lat. pecten, a comb). Corab like ; applied to the gilk of certain 

Gcutei'opods ; heuce called rectintbrauduata. 
Pectoral (Lat. pectus, chest). CSonnected with, or placed upon, the chest. 

pEKK.vNiBRANcniATA (Lat. pfvennh, perpetufLl ; Cr. hra;/chia, gill). Apulied 
to those A mphiOia iu which the gilLs arc permanently retained throughout 
Ufe. 

Pedal (Lat. peg, the foot). Connected with the foot of Mollusca. 
PEDlCELLARiiG (Lat. pediceiliUf a louse). Certain singular appendages found 
in many Echinodemtf attached to the surface of the body, and resembliog 

a littlo boak or forceps supported on a stalk. 
Pedicle (Lat. dim. of pes^ the loot). A littlo stem. 

Pbdipalpi (Lat. pes, foot; and palix), I feel). An order of Atat^nida com- 
prising the Scorpions, &c. 

PxDUNCLB (Lat. p^uticuluSf a stem or stalk)* In a restricted sense applied 
to the muscular process hy which oertaiti BmAiopoii are attaohad, a£d to 
the stem which bears the body (capitalum) in Baruacles* 

Tbdumculate. Possessing a peduncle. 

PbLAOIO ((3r. -pelayos, sea). Inhabiting the open ocean. 

Pelvis (Lat. for basing. Applied, from analogy, to the basal portion of the 
cup {califx) of Cnnmds, The bcmy arch with which the hind hmbs are con- 
nected in Vertebrates. 

Pbboamentaceo us ( Lat. ptrgcmena, parchment). 0 f the teztnre of parchment. 

pFRTCAHiurM (Or. ;>eri, around; ibonalio, heart). The seroits membrane in 
which tut; lieart is contained. 

PSRIDERM (Gr. pen-i, around; and dirmay dctn). The hard entionlar layer 
which is de% elo[)ed by the cncnosarc of certain of the Hydrozoa. 

Pebioastric (Gr. j^i, around ; and gaster, stomach). The perigastric space 
is the cavity which surronnds the stomach and other riacera, corresponding 
to the abdonnnal cavity of the higher nnimals. 

Periostracum (Gr. jferi ; and oHraton, shell). The layer of epidermis which 
covers the shell in most of the MoUutea. 

Periplast (Gr. per)'; and plasso, I motdd). The intercellular substance or 
matrix in which the orgaiiised structures of a tissue are imbedded. 

Pbrtoohb (Gr. peri; Mid ioma, body). The coriaceous or calcareous integu- 
rue lit of the Eckinodemuvta. 

p£ui3soDACTTLA (Gr. perisgos, uneven ; daktulos, finger). Applied to those 
Hoofed Quadrupeds ( UtigidcUa) in which the feet have an uneven number 
of toes. 

Peristome fOr. ,• and ?fmna, month). The space which intervenes be- 
tween the mouth and tiie margin of the caly.v in Vorticeila ; also the space 
between the month and the tentacles in a Sea-anemone (AeUiua)^ also 
the lip or margin of the mouth of a univalve shell. 

Pebivisckhal (Gr. fyri; and Lat. viscera, the internal organs). Applied to 
the space surrovmding the viscera. 

Petaloid. Shaped like the petal of a flower. 

Phalanges (Gr. phalanx, a row). The small bones composing the digits of 
the bisrher Vert^rata* Normally each digit has three phalMiges. 

PifARYNQonRANCHn (Gr. pharugx, pharynx; broffdda, gill). The order of 
Fishes comprising only the Lancelot. 

PBAKTirx. The dilated commencement of the gullet. 

TuMxr.yiACOSE {Gr, pfn-a</r»a, a partition ; and iomOff, a oone). Thochambered 

portion of the iutcmal shell of a Belemnite. 
PBTLACTOLXifATA (Gr. pkulatgo^ I guard; and lama^ throat). The divison of 

Polyzoa in which the mouth 18 provided with the andied valrular process 

known as the "epistome." 

Phylloctsts (Gr. phidfon, leaf; and histts, a cyst). The cavities iu the in- 
terior of the ** hydrophyllia " of certain of the Oceanic Hydrozoa. 

Prytj-OPoda (Gr. pknUnn, leaf ; and pnna, foot). An order of Cru,<tarfia. 

Phyooem.\iaria (Gr. pkm, 1 produce ; and Lat. gemma, bud). The small 
gOQoblaatidia of T^^e/Za, onoof the /^Aywp/brute. 

Pbtbograda (6r. phnsa, beUowa or air-bladder ; and Lat gradior, I walk). 
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Aimlied fmaerljr to the Pkytophorida, an order of Ooeanio ffydrozoa, in 

which a "float" is present. 
FHTSoraoBlD^ (Or. i^AuM, air-bladder; and jpUei-o, I carry). An order of 

Ooeanio ffydreaoa. 
PhytoID (Gr. Wo?/,,a plant; &nd eufos, form), PlBnt-liko. 
Pbytopoaoous (Gr. pkv44m, a piant ; and ^Jm^, I eat). Plant-eating, or 

liorlnvoNiia. 

PixNATB (lAi. pijmtt, a foafhor). F««.fh«r4ihaped, or poaaenlDg lateral pro- 
cesses. 

PiXNiaRADA (Lat. pinna, a feather ; gradior, I walk). The group of Car»t- 
vora compnsin>j: the S^s aad Walnues, adapted for snaquatte life. Offeea 
called Pinnipedia, 

Fdxsjjlm (Lat. dim. of pinna), 'i iic lateral proceiisea of the arms of Crinoids, 
PlBOn (Lat. piscis, a fish). The cIohh of Vertebrates comprising the Firtm. 
PtACP?*TA (Lat. a cake). The "after-birth," or the organ hy which a vascu- 
lar oonnectiim is established in the higher Mammalia beiween the mother 
and the fastos. 

Placental. Possessine a placenta ; or connected with the placenta. 
pLAOoiD (Gr. plaXf a plate ; eidos, form). Applied to the irregular bony 
plates, grains, or spinee which ere firaodiii the ekin of various ftues (Bleu- 

mobranc/iii). 

Plaqiostomj (Gr. plojfwi, transverse ; tUma, mouth). The Sharks and Bays, 
in wMoh the mouth is transverse, and is plaoed on the under snrCsoe of the 
head. 

PliANAAIDA (Gr. plani, wandering). A sub-order of the Turbellaria. 
Plantigrade (Lat. planta, the sole of the foot ; gradior, I walk). Applying 

the sole of the foot to the ground in walking. 
Plakula (Lat. pkmmi, flat). The oval eiliated embiyo of certain of the ify- 

drozoa. 

Plastron. The lower or ventral port ion of the bony case of the Cfhelonians, 

Platyklmia (Or. plntux, broad; ami iielmins, an intestinal woxm). The 
division of i!So)lecii(a comprising the Tapeworms, &c. 

FlatTRHina (Gr. ])fnivs, broad; rAiMi^ nostrils). Agroupof tbeQiuufnemano. 

Pleura (Gr. the Hide). The aervtts membfMie ooveiiog the luQg in the air- 
breathing Vertebrates. 

PURTBOH (Gr. pleurm, a rib). The lateral extensions of the shell of QnutaeM, 

Pluteub (Lat. a pent-house). The larval form of the EehimoiditL 

PmsumaTIG (Gr. pneuma, air). Filled with air. 

PNB171IATOOT8T (Gr. pneuma, air ; and hulu^ cyst). The air^o or float of 

certain of the Oceanic Jliidrozoa (Phumphoridce). 
Pkeumatophore (Gr. ptuuma, air: and phtro, I carry). The proxima 
dilatation of the ooenosare in the Physophorida wMoh surrounds the 

pneuniatocyst. 

PilJSUMOSKELETON (Gr. pnenma ; and skeleiot, dry). The hard structures 

which are connected with the breathing organs (e.g., the shell of M< Uuscs). 
PODOPHTHALMATA (Gr. pou$, foot; and ophthalmcs, eye). The division of 

Crustacea in which the eyes are borne at the end of long f<^ot-stalka» 
PODOSOMATA (Gr pous^ foot ; soma, body). An order of Anukiiida. 
PoEPHAOA (Gr. poi^ grass ; pftago, I eat). A group of the Marsupials. 
POLLEX (Lat tlip thumb). The innermost of the five normal digits of the 

anterior limb of the higher Vertebrates. In man, the thumb. 
PoLYCYSTiNA (Gr. polus, many; and kiuH$i a oyst). An order of Profotoa, 

with foraminated siliceous shells. 
POLTGASTRICA (Gr. polus J and gatUr, stomach). The name applied by 

Ehrenbery to the I^fuicria, under the belief that they possessed many 

stomaohs. 

POLYFABT. The hard chitinous covering secreted by many of the H^roaoa. 

POLVVB (G^. poUt», many ; poxn, foot). Resirtoted to the single individual of 
a simple ActinozoGn, such as a Hea-anemone, or to the separate znoids of a 
compound ActinozoSn. Often applied indiscriminately to any of the CaitH' 
Urata, or even to Uie Poiyzoa, 
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PoLTPiDE. The separate eooid of A PafytoSn, 

PoLYPTDf)M. The (lermal system of a colony of MydfOtoSHf W Po^M&H, 

POLYi'iTK. Tiie separate suciid of a Hifdrozo&H. 

PoLTStOME (Qr. poluif many; and stotMi^ moatb). Haviog maj moutiks; 

applied to tne Acinetce arn'm^bit tho Protozm. 

POLYTUALAJCODS (Gr. poitu; au<i tJuUuinos, chamber). Having many cham- 
bers ; applied to the shells of Foramintfera and Cephalopoda. 

POLTZOA (Gr. polus ; and zoSn, animal A division of the MoUuscoida, cnm 
pri«ing compound animals, such as the iSea-mat. Sometimes called Bryvzoa. 

FoLTsOABitnL The dermal system of the colony of a Po/jiseffii Poly* 
pidom). 

P(lilO£LLA^OU8. Of tho texturo of porcekdu. 

PORirau (Lat. poj-us, a pore ; and ^«ro, I carry). Someiimee used to destg- 

nate the Foramintfera, or the Spotiges. 
Post- ANAL. Situated behind the anus. 
Post (BSOphaokal. Situated behind the guUet. 
PosT-OHAL. Situated behind the mouth. 

PiiiK-MAXiLLit: (see Intermaxida). 

Pb^£MulaRS (Lat. pt-ie, before j molates, the grinders). The molar teeth of 
Mammals which sooosed the molan of the uaiSk set of teeth. In man, the 

bicuspid teeth. 
Pba-(B30PHagkal. Situated in front of the gullet. 

Fbjb-btkrnum. The anterior portion of the breast-bone, corresponding with 
the manuhrirrrn .'^fTti i of human aoatomyi and extandiog as far as the point 
of articulation of the second rib. 

Pressirostbeb (Lat. pnma, oompressed ; rosCnuN, beek). A group of tiie 

(Jrallatorial Birds. 

P&OBosciJ>£A (Lat. proboicu, the snoat). The order of Mammals comj^isiiv 
the Elephants. 

Proboscis (Lat. or Gr. the snout). Applied to the spiral trunk of LepuIopteP' 
ous Inucttf to the projecting mouth of certain CriMnds, and to the ceuural 
polypite in the Medntce. 

Pbococlous (Gr. pro, front ; koilos, hollow). Applied to Tortehfn^ the bodies 

of which are hollow or concave in front. 
Proolottib (Gr. for the tip of the tongue). The generative s^pment or joint 
of a Tapeworm. 

Pro-legs. The false abdominal feet of Caterpillars. 

Pronation (Lat. f/rt/titu, lying on the face, prone). Tho act of turning the 

palm of the hand downwards. 
Propodidm (Gr. pro, before; fout, footji The anterior part of the foot in 

Molluscs. 

Proscolbx (Gr. pro, before ; wkUtg, womm). The first embryonio stage of a 

Tapeworm. 

PnosOBRAlfCHiATA (Gr. vrotoTi, in advance of ; bragckia, a ^11). A division 
of Oasteropodotts HoUuaos in whion the gills are situated m adTaaoe of the 

heart. 

Prosoma (Gr.jpro, before : toma, body). The anterior part of the body. 
PB0TB0B4X <Gr. pro ; and ihiorax, chest). The anterior ring of the thorax of 
insects. 

Protofodite (Gr. proio», first; andjNMM, foot). The basal segment of tbe 

typical limb of a Crustacean. 
Protoi'HYTa (Gr. protos ; and phuton, plant). The lowest division of plants. 
PnoTopLASM (Gr. pratus ; rind pfmso, T mould). The elementary basis of or- 

giiuised titwuea. Somtjlimes used synonymously for the **8aroode** of the 

Frotozoa. 

Protozoa (Gr, prote$; and coJa, animal). The lowest diyiaion of the animal 

kingdom. 

Proventriculus (Lat. pro, in front of; < ; u/«t, din. of vmUr, belly). 

The cardiac portion of the stomach ( f i n is. 
Proximal (Lat. proximu*, next). The slowly-growing, comparatively-fixed 

eitrsnii^ of a limb or of an oiganiam. 
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PsALTEBimi (Lai. a stringed instnimeut^. The third stomach of Rumioauts. 
(Se« Onuiium.) 

PsEUDEMBBTo (Gt. jM«M2oiy fake J mbnon, etnbiyo). The larval farm of an 

£cAinod€rm» 

PsEUDOBRAMOBlA (Or. p$eudm, false; hragehitif gill). A supplementary gOl 

found in certain fishes, .vhich rp reives aiterialiaed blood only, and does 

not, therefore, assist in ie«<|iiration. 
Pbbitdohjeiial (Gr. psfvdos, false ; and hainMt blood). Applied to the vaa> 

cular system ot Anueiula. 
Ps&UDO UEABTS. Cortaiu contractile cavitiee oonneoted with the atrial system 

of Braddopoda, and long considered to be hearts. 
PsEDDo-NAViCELLiE (Or. jjiti'v.fhs, false; and jyaric>i!n. a freiiuB of Diatoms). 

The embryonic forms of the Gr^armidat, so called {rum their resemblance 

in shape to the Navicula. 
PsiDDOPODiA (Gr. ptmuUm; and potu, footV The extensions of the body- 

substance which are pnt forth by the Mitopoda at will, and which aenre 

for locomotion and prcbeubion. 
Pbbddova <Gr. pMudo* ; Lat. orum, egg). The egg-like bodies from whieh 

the 3'ouDg' of the viviparous A phi» are produced. 
Pteropoda (Gr. pleronf wing ; and^fow^, foot). A olass of the MollMca which 

swim by mesne of flne attached near t)io head. 
Ptfrosaubia (Gr. pteron, wing ; savra, lizard). An extinct order of Reptiles. 
Pubis (Lat. j»ubeSf hair). The share-bone ; one of the bones w hich enter into 

the oompoeitioii of the pelvic arch of VcNrtebratei. 
Pur.MONABiA. Adiviaioa of AraAnida whldi breatiie by means of polmo* 

nary sacs. 
PiTUiONATB. Poaseedng^ lungs. 

PULMONITERA (Lat. pxilmo, a lun^' ; and /(??-o, I carry). The division of 

MoUuaca which breathe by means of a pulmonary chamber. 
PnuroOASTEBOFODA (» Pulmonifera). 

Pupa (Lat. a doll). The stage of an insect immediately preceding its appear- 
ance in a perfect condition. In the pnpa-stape it is usually quiescent —when 
it is often called a " chrysalis '" — but it is sometimes active — wlion it is often 
called a nymph." 

PTr o;u B (Orr puforos, a gate«keepw). The Tslvolar aperture between the 

stomach and the intestine. 
Ptbipobic (Lat. pfrug, a pear ; end forma, foim). Pear<«haped. 

QaADRUUANA (Lat. quatuor, four imarnis, hand). The order of Mammals 
eomprishigf the Apesi Monkeys, Baboons, Lrainre, Ice. 

Badiata (Lat. radius, a ray). Formerly applied to a large number of animals 
which are now placed In separate sub-kingdoms {e.p., the Oodaderata, the 
EchinodermcUa, the TnfMoria, &c. ) 

Rauiolarla (Lat. radius, a ray). A division of Protozoa, 

Radius (Lat. a spoke or ray). The innermost of the two bones of fhe fore- 
arm of the liiL ii> r Vertebrates. It carries the thumb^ when present^ and 
oorreeponds with the tibia of the hind-limb. 

Kamub (Lat. a branch). Applied to each half or branch of the lower jaw or 
man di hie of Vertebrates. 

Raptorkb ( Lat. rapto, T plunder). The order of the Birds of Prey. 

Rabores (Lat. rado, I scratch). The order of the Scratching Birds (Fowl?», 
Pigeons, kc.) 

Ratit t: (I. at ;7^^'.♦, a raft). Applird hy Hxixlev to tl o Cursorial Birds which 
do not ily, au<l liuve, thereforu, a raft-like steniuiii without any median 
keel. 

Rectum (Lat. rrcfug, straight). The terminal portion of Uie intestinal oanalt 

opening at the surface of the body at the anus. 
Rf.ptilia (Lat. repto, I crawl). The class of the VerUbmia wmj^Mog the 

Tortoises, Snakes, Lizards, Crocodiles, &c. 
Reticulabia (Lat. itiiculum, a net). Employed by Dr Carpenter to desig- 
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nate those Pr<^ozoa, such as the ForaminifeiUf ia which the pseudopodia 
nm into one another and form a network. 
Beticolum (ijaX. a net). The second division of the oomplex stumach of 

Ruminants, often called the "honeycomb bafir." 
Reverskd. Applied to spiral uuivalvus, in which tiie direction of the spiral 

is the reverse of the normal — , sinUtral. 
Rhizopiiaoa fGr. rhiza, root; pharjn, T eat). A <,frou]-» of the Mnronpials. 
BEI20F0DA ((ir. rhua, a root ; and pn^is, loot). The diviaion of Protozoa i:om- 

pristngf all those which are capable of etnitting f^udopodia. 
Brtkcholites (Gr. rkuncfios, beak ; and lithos, itoDe). Beak^shaped foenltf 

consisting of the mandibles of C'epkalopoda, 
RoDBNTiA (Lat. fodOf I gnaw). An order of the Mammals ; often called Oliret 

(Lat. (jlLs, a dormouse). 
Rostrum (Lat rostrumf beak). The *' beak" or suctorial organ formed by 

the appendages of the mouth in oertain inseets. 
Rotatoria (= Rotifera). 

RoTiFSBa (Lat. rota, wheel: and /ert), I carry). A class of the Scolecida 

(Aniudoida) eharaotertsed by a ciliated *'trochal disc.** 
RuGtiSA (Lat. rui/osHJ, wrinkled). An extinct order of Corals. 
Rumen (Tjat. the throat). The first cavitj of the complex stomach of Rnmi- 

nants ; often called the paunch." 
BuMiNANTiA (Lat. ruminoTfl ehew the cud). Tlie group of Hoofed Qoadru^ 

peds {Vi»iftUata} which " nuniaate " or chew the cud. 

Sacrum. The vertebrse (usnally anchyloMd) which unite with the hanndh- 

bone» (ilia) to form the pelvis. 
SA.ND-CANAL (— Stone-canal). The tubo by which water is conveyed from 

the exterior to the ambulacral system of the Echincdermata. 
SABroDj (Or. <((n:'\ flesh; cidus., form). The jelly-like s tance of which the 

bodies of Protozoa are composed. It is an albuminous body containing oil- 
granules, and is aometimee celled *' animal |nt»top1asm." 
Sarcoids (Gr. mrx ; and eidot, form). The separate amffibifoirm |MUrtioles 

which in the aggregate make up the ''flesh" of a Sponge. 
Sauhia (Ghr. tawmf a nsard). Any lixard-like Reptile is often t^ken of an a 

"Saurian;" but the term is sometimes restru^d to tlie Crocodiles alone, 

or to the Crocodiles and Lacertilians. 
Sauhobatrachia (Gr. $avTa: hatraehos, frog). Sometimos applied to the 

order of the tailed Amphibians {Urodela). 
Sauropsida (Gr. saura; and amis, appearance). The name given by Huxley 

to the two classes of the Birds and Reptiles collectively. 
Sauroptertoia (Gr. saura; pttrux, wing). An extinet order of BeptileSy 

called by Huxley Pletiosauria, from the typical pfentjs Phnfifavryjt, 
SAURURiB (Gr. saura; otira, tail). The extinct order of Birds cc^iiprising 

only the ArcJueoptertfX. 
SOANSORES (Lat. scando, 1 climb). The order of the Climbing Birds (Parrots, 

Woodpeckers, &c. ) 

SCAFHOOVATHITB (Or. dsapkoif boat ; and gnaihcs, jaw). The boat-shaped 

appendaj'e (cpipoilito^ nf t!ic second pair of niaxillfe in tlie Lobster; the 
function of which is to spoon out the water from the branchial chamber. 
SOAPITIA (lat. for shonlder-blade). The shonlder-Uade of the peetoral «eh 
of Vertebrates; in a restricted sense, the row nf platns in the cup of 
CrinouU, which give origin to the arms, and are usually called the ''axillary 
mdiaTs.'* 

ScLERENCHYMA (Gr. sHerog, hard ; and auikuma, tistus). Hike calcareous 

tissue of which a coral is composed. 
SoLERiTES (Gr. ikUroi). The calcareous spicules which are seattered in the 

soft tissues of certain A dinozoa. 
SOLEROBASTC (Gr. xHerof, hard ; bafit^ pedestal). The coral which is produced 

by the outer surface of the integument in certain Actinozoa (e.Q., Red Coral), 

and forms a solid axis which is invested hj the wft parte 01 the animal. It 

is ealled loo^seoretioii" by Mr Dana. 
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SoLKBODIRMIC (Gr. tklerot ; and derma, skin). Applied to tbo corallum which 
is deposited within tlie timueB of Mrtain ActinMoa, and ia called " tissue- 
seoretiou " by Mr Dana. 

Sclerotic (Gr. tklerot^ hard). The outer dense fibrous coat of tlw eye. 

ScOLBCIDA (Gr. sl'olir, wormK A division of the Annuloiila. 

SOOLEX (Gr. skolix). Ttie embryonic stage of Tapeworm, lormcrly known as 
• ** Cystic Worm." 

8CUTA (Lat. snituvi, a shield). Applied to any shield like plates; espeoUiUj 

to those which are developed iu the integtitnent of many Heptiles. 
SelaOBIA or Selaobii (Gr. telachos, a cartilaginous fish, probably a shark 

The sub- order of K!i!sni'i>>ratichii compri^inn' thn Sharks and Dog-fishes. 
Sepiostaire. The iaterual shell of the (Juttle-hsh, commonly known as the 

"euttle-bone." 
Septa. Partitions. 

Sbrpkntifobm. 'Resembling a serpent in shane. 

torruLARiDA (Let. mttum, a wreath). An order of Eydrma. 

Sessile (Lat. mi/^ I eit). Kot sapporled upon a tUlk or pedwide ; atteahed 

by a base. 

Seta (Lat. bristiee). Bristles, or long stiff baize. 

Setifkrous. Supporting brieilee. 
8i:ti<}kuous (= Setiferoue). 
Seto&e. Bristly. 

SluOROtTB (Lat. tUex, flint). Composed of flint. 

SiNTSTRAT, (T,at. .^ini'^ffi, the left hand). I^ft-bandcd ; applied to the direc- 
tion of tbe spiral in certain shells, which are said to be " reversed." 

Snrus (Lat. sinut, a bay). A dilated vein or blood-receptacla 

Siphon (Gr. siphon, a tube). Applied to the reepiratoiy tubeeintbe JfotfiMM/ 
also to other tubes of diifereut functions. 

SlPHOKOPHORA (Gr. siphon; and phero, I carrv). A division of the Ht/drozoa, 
comprising the Oceanic forms (Calycophorida and Physnphnrulct). 

SiPHONOSTOMATA (Gr. txphon ; and f^oma, mouth). The division of Oat- 
ieropodom Malituetf ih which the aperluFe of the ehelt Is not " enUre," but 
possesses a notch or tube for the emission of the resjaratory siphon. 

SiPHimcLK (Lat. tipkmieiUut, a little tube). The tube which connects 
together the Tarione ohambeiB of the thell of oertain Cep/ialopoda {e.g., 
the Pearly Nautilus). 

SiPUNCULOibsA (Lat. npku$ieuln$, a Utile siphon). A olass of Anartkropoda 
(AnniUota), 

SiRENLA (Gr. mr«n, a mermaid). Tb* Older of Mammalia eomprinng tfao 

Dtijiyong^ and Manatees. 
BoLiDUNOULA (Lat. solidus, solid; unoula, a hoof). The group of Hoofed 

Qoedropeds comprising the Horse. Ass, and Zebra, in whudk eadi loot haa 

only a single solia hoof. Often called Solij^dui. 
Somatic (Gr. soma, body). Connected with the body. 
80MAT00T8T (Gr. tovia; and kusiis, aeyat). ApeeoUarearityfaitheeflnuMMuro 

of the Caltfcopkorido! {Uydrozoa). 
Somite (Gr. «ouui/. A single segment in the body of an Artioolate 

Spermarium. The orci^n in which spermatozoa are produced. 

Sfermatophores (Gr. sperma, seed ; pliero, I carry). The cylindrical cap- 
sules of the Cephalojioda, which carry the spermatoioa ; eonietimee celled 
the " nio^dng filaments of Nccdham." 

Sfermatozoa (Gr. merma, seed ; and zo9n, animal). The microsoopio fiJa* 
ments which form the essential generative element of the male. 

SricuLA (Lat. spiculum, a point), rointed needle-.'*haped bodies. 

tii^ufif SBEXa. The organs by means of which Spiders and Caterpillars spin 
tiireads. 

Bpiraclkh (Lat. .tpiro, I breathe). The breathingwp<ffee, or apertures of the 
breathing-tubes (tracheae) of Insects. Also the aiogle Boetnl at the Hag' 
fishes, the *' blow-hole " of Cetaceans, &;c 

SnAVOflXOSKiLBTOir (Gff. tplofftkta, viMera j MdM, diy). The hard 
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fltruoturM oeoasionally developed in oonneetion irith fhe InteniAl oigUB 

or viscent. 
Sponqe-farticlks. {See Sarcoids.) 

Spomoida (Or. ig^o^eg, a sponge). The divldioii of Probuoa eommonly InMyim 

as sponcres. 

Spobes (Gr. xporOf seed). Germs, usuaHy of plants ; in a restricted senae, 
the re|iroductive "gemnralee" of certain Sponi^. 

Spot?' IS ATS (Gr. spnra, feed; and f<(l-L-nf!. n. hufr), Tho simple generative 
bu«ls of certaiu H^rosoa, in which the medusoid structure is not deve- 
loped. 

Squamata (Lfit. .'>'/ua)iur, a scale). The division of Reptiles compriHng the 
Opkidia and LactrUlia in which the integument develops homy s^es, but 
there are no dermal owtlfieatloos. 

Statoblasts (Gr. xto!n<, st aionary; bkutos, bud). Certain reproductivo buds 
deveIo()ed iu the interior of FU^zoa, bat not liberated until the death of 
the parent orgauism. 

Stboanophthalmata (Or. stefjanos, covered ; and ophthalmot, the eye). 
Applied by Edward Forbes to certain Jledtuce, in which the 8enj?e-organs 
(** ninrKinal bodies ") are protected by a sort of hood. Tlie Steyano^jft- 
tAalmafa are now separstea from the true Meduridm, and fdaoed in a lepep 
rate division nndur the nrtroe LneemariJo . 

Stkllebida ^Lat. stdla^ star). Sometimes employed to designate the order 
of the Star-fishes 

RTELLiFOR>f. Star-diaped. 

ftiEHMATA (Gr. #l«asMi, KarlandK The simple eyes, or ocelli," of certain 

aniroels, sneh as InnectM. Spiders, and Crastaeea. 
Sternum (Gr. sUT-nn^. Tfin hroMst-Kme. 
Btiqmata. The breathiog-pores in liueets and Ara^$lida» 
Stolon (Or. ttolot, a senmng forth). Offshoots.— The oooneeting pfpoenee 

of sarcode, in Foni>ninif''ra ; the conn octin^^- tube in the social ^jdiduility 

the processes sent out by the coenoRarc of certain Adinozoti. 
Stouapoda (Gr. gfomoy mooth ; poiu, foot). An order of CnutaoM, 
■ Stomatode (Gr. fi'uma). PoHscssing a month. The /j(/WforM>afe thus often 

called the Stomatode Protozoa. 
Strepsiptera (Gr strepho, I twist ; and pleron,, wing). An order of Inseote 

iu which the anterior wini.;;^ are represented by twisted rudiments. 
Strepsirhina (Gr. sfrepho, I twist ; rhines, nostrils). A group of the 

Quadrumana, often spoken of as Protimia. 
Stbobila (Or. Hnbilotf a top, or fir-cone). The adult tapeworm with its 

generative segments or proprinttides; also applied to one of the stegee in 

the life-history of the Lucemarida. 
Sttuforx (Lat. styiut, a pointed instnvnent; famma, form). Fdntad In 

shape. 

SUB-CALCABEOUS. Somewhat calcareous. 
SUB-OBNTRAL. Nearly central, but not quite. 

SrB-PEDFNCULATE. Supported up<»n a very short stem. 
SuB-SESHiLE. Nearly sesHile, or without a stalk. 

SupniAiiox (Lat. sufunv*, lying with the feoe upwards). The sot of tamia^ 

the hand with the palm upwards. 
Suture (Lat. suo, 1 sew). The line of juuction of ^two parts which are 
immovably connected together. Applied to the line where tiie whorli 

of a univalve shell join «ino another; also to tho lines made upon the 
exterior of the shell of a chambered (kpkaiopod by the margins of tho 
septa. 

SwiMMERETS. The limbs of Crtttlacea, which are adapted for swimming. 

SYMPnysts (Gr. mmphtuis, a tn^iwinpf tofjcther). Union of two bones in which 
there is no motion or but a very limited amount. 

SYNAPTicuLiE (Gr tunaptOf I fasten together). Transverse props sometimes 
fotind in Corals, extendinp across the loculi like the bars of a prnte, 

Systolr (Gr. susteKo, I contract). Applied to the contractiou of any con- 
tractile cavity^ espeeially the heart 
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Tabula (Lat. te^uia, ft tablet). Horixetital plates or floors found in soma 

Corals, extending across the cavity of the theca," from side to aide. 
Tactilk (Lat. taiuio, I touch). Ck>uneoted with the sense o^ touch. 
Tjwiada (Or. tmnia, a ribbon). The division of SeoUeida oompriaing th« 

Tapeworms. 

T^NioiD (Gr. tainia; and tidos, form). Ribbon-shaped, like a tapeworm. 
Tarso-metaTabsus. The single bone in the leg of Birds produced bv the 

union and anchylosis of the lower or distal portion of the tarsus with the 

whole of the metatnrsiis. 
Tausus (Gr. tarsos, Lbo dat of the foot). The small bones which form the 

ankle (or '* instep " of man)) and which oorreapond with the wrist {carpiu) 

of the anterior limb. 
Teotibrancuiata (Lat. UctuSf covered ; and Gr. brm/chiu, gills). A division 

of OpittlMmwkuae Oatttropoda in whioh the giils are protected by the 

mantle. 

Teqdmentary (Lat. te</umefUu,m, a covering). Connected with the integu- 
ment or skin. 

Teleostei (Gr. tdeiot, perfect; 4>tUon, bone). The order of the "Bony" 

Fishes. 

TiuoN (Gr. tehon, a limit). The last joint in the abdomen of Cnutaeea; 
variously regarded «a a segment without appendages^ or as an a^gos 
appends^. 

TENmitOBTRES (Lat. tmvis, slender; rostrum, beak). A groap of the 

Porchiri; : Tiir la cliaracterised by their slender beaks. 
Teroum (Lat. for back). The dorsal arc of the somite of an Arthropod. 
Terricola (Lat. terra, earth ; and colo, I inhabit). Employed occasionally 

to designate the Earth-worms {Luvibricidtc). 
Test (Lat. testa, shell). The shell of MoUusca, which are for this reason 

souietiiues called " TcMacea ; " also, the calcareous case of EddKodermi; 

also, the thick leathery outer tunic in the T^tcolo. 
Testaceous. Provided with a shell or hard coverinjif. 

Tkstis (Lat. <e«<w, the testicle). The organ in the male aniiual which pro- 
duces tiie gsnemtive fluid or semen. 

TETii.\BRA!^rnTATA (Or. tptra, four; hrafjchia, gill). The order of CepkcUx^podOf 
characterised by the possession of four gills. 

Tbalabsioollida (Or. wtta$$a, sea ; kolla, glue). A divinon of Protozoa. 

Theca (Gr. theke, a sheath). A sheath or receptacle. 

Tuecosomata (Gr. ttt€ke; and somaf body). A division of Pleropodmu 
MoUiuet, in which the body is protected by an external shelL 

TbkiuoMORPHa (Or. fher, beast ; morphe, shape). Applied by Owen tO 

the order of the Tail-less Amphibiana (Aiwura.) 
Tborax (Or. a breastplate). Tiie chest. 

Thread-cells. (^ecCnidee.) 

Thtsanura (Gr. tkuionoi, fringes ; and ottra^ tail). An order of Apterous 
Insects. 

Tibta (Lat. a flute). The shin-bone, being the innermost of the two bones of 

the leg, and corresponding with the radius in the anterior extrertiitr. 
TOTIPALMATA, (Lat. totm, whole; pahna, the palm of the hand). A group 

of Wading Birds in which the hallux is united to the other toes by mem> 

brane, so that the feet are completely webbed. 
Trachea (Gr. tracheia, the rough wind -pipe). The tube which conveys air to 

the lungs in the air-breathing Vertebrates. 
TRACHK.f:. The breathing-tubes of Insoct? and other Articulate animals. 
TiiACHEABLA. The division of Aracknuia which breathe by means of tra- 

chees. 

Trematoda (Gr. trema, a pore). A n order of Scolecida. 
Triohogists (Gr. ihrix, hair ; and htMU, a cyst). Peculiar cells found in 
certain Infiuoricty and very neariy identical with the "thread-cells" of 

Cceffintera^ ' . 

Trilobita (Gr. Ireit^ three ; ^o6o«, a lobe). An extinct order of Crugtaceatu. 
TtaiTOloSiDB (Gr. erifosj third; tlhn, animal; and eido*, form). Thn loaid 
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Yerices (Lat. vermi$f a worm). Sometimes employed at the present day m 

the nine, or very nearly the iame, Benae at AnwUoidt^ or «« AnmUmda 

plus tho Apurthropoda. 
VERHiFORMjLat. vermiSf worm ; and/oiTna, form). Worm-liko. 
Vhbtxbra (IaI verfo, I turn). One of the bony seginenta of tho rertebral 

column or back-bone. 
Vrrtebbata. (Lat. vertebra, a bone of the back, from vertere, to turn). The 

divinon of ibo Animal Kingdom, roughly eharaetetiaad hjyfbepoeseanon of 

a back -bono. 

Tesicle (Lat. vesica^ a bladder). A little sac or oyst. 

ViBRACULA (Lat. vibrOf I shake). Long filamentous appendages found in 

many P(>/»/:o<i, 

ViBRjoNEs (Lat. vibro, I ihako). The Utile monng fiUunenta developed in 

organic infusiuns. 
YiPERiNA (Lat. vipera, a Tiper). A group of the Snakea. 
YivrpARous (Lat. vimUt aliTe; and porio, I biing forth). Bringing forth 

young alive. 

WjBOBL. The apizal tmn of a univalve aheU. 

XiFHiBTiHiruif (Or. xij^iM, aword ; dernoni, bnaat*bose). The inferior or 

pnt^f prior segment of the stemtun, corresponding with Uie "ziphi^ earti- 

lege" of human anatomy. 
XiPROSiTBA (Gr. «M0Ao^ a sword ; and euro, tail). An order of CHu/oera, 

c< mpnaingtbe 2^«l» or King^CrabSi oharaeteriaed by their long aword- 

Itke tails. 

ZTLOra&aotrs (Or. xuUmt wood; and ^>iuigo, I eat). Eating wood ; applied 
to oertain MiMiuta, 

ZooiD (Gr. zoSh, animal ; and eidot^ like). The more or less completely inde- 
• pendent organisms^ produced 1^ gemmation or fission, whether these re- 

main attached to one another or are detached and set free. 

Zoophyte (Gr. zoUa, animal ; phuton, plant). Loosely applie<l to many plant- 
like animals, such as Sponges, Corale, Bea^nemones, Sea-matx. &c. 

Zoospores fOr, man, animal ; and spora, seed). The ciliated looomotive 
germs of some of the lowest forms of plants {Fntopk^ta). 
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Aardvark, ^i2. 
Aardwoir, 

Abdominalia {Cirripedia\ 198; characters 

of, 203 ; (Fishes), ML 
Abranehiata (Vertebrata), 3SL 
Abyla, 91. 
AcalepfuB, 95, 99. 

Acanthocephalat 158, 165; characters of, 

168, 169. 
Acanthouietrina, 58. 
Acanthopteri, 3(i3. 
Acanthopterygii, 858. 
Acajxtkaspongia, 64. 
Acarida, 226. 

A carina, 224 ; characters and families of, 

225, 226. 
AecipUrince, 465. 400. 
Acephala ^Mollu.sc.i), 278. 
Aeerothenum, StOh. 
AcermUina, 63. 
Acetabula, 299, 800. 
Achetina, 244. 
Achtheres, 199. 
Acicula. 297. 
AcicvUidcB, 294, 297. 
Aeineta, 71. 
Aci'periser, 373. 
^c//uBa, 295. 
Acorn-Shells, 200, 201. 

./Icrotreta, 276. 

Acteonia. 296. 

Actinia, 110, 112, 113, 127, 

.^c^nid^ip, 111-113; development of, 118. 

Actinomeres, 125. 

Actinophrya, 49, 50, 51. 

Actinosoma, 111. 

Actinozoa, 76; general characters of, 109- 
111 ; divisions of, 111 ; distribution of, 
129-133. 

Aciileus, 249. 

Adelarthrosomala, 224; characters and 
families of, 226, 227. 

uKginidef!. 98. 
A^ginttpgig, 98. 
jf-)olidie, 292, 296. 
ji'hlig, 296. 
ufCpiomis, HQ. 
Agapornig, 45S. 
Agathistega, 54. 
Agalacrinitea, 151. 

Air-bladder of Fishes, 35L 
Air-recepUcles of Birds, 486^ 



Alceg, 523. 
AlcidcB, 445. 

Alcyoiiaria, 111 ; characters and divisions 
of, 119, 120 ; distributiuu of iu time, 133. 
AleyonidoB, ISO. 
Alcyonium, 120. 
AUantoidea, 
AUantois, 337. 338. 
Alligator, 414. 
Alpaca, 6iL 

Alveolus (Belemnite), 306, 307. 

Amber, Insects preserved in, 252. 

AmblyrhynchvJt, ILL 

Auibulaci-al system {Echinodermata), 137; 
of Echinug, 141 ; of Star-fishes, 146; of 
Ophiuroidea, 147 ; of Crinoidea, 161 ; 
of Holothuroidea, 153, 154. 

Ameivce, ILL 

Ainetabolic Insects, 289, 241, 242. 
Ammodyteg, SfJ^J. 
Amirvniiteg, 31U, 311, 312, 314. 
.^m>nonitui<r, 809, 312; characters of, 

310 ; distribution of, in time, 314. 
Amnion, 337. 
Amniota, 231. 

Anuzba, 6, 46; structure of, 47, 48; re- 
production of, 48. 
Amotbea, 47, 49, 60. 
Amcebina, 50. 

Amphibia, 337. 375: general characters 
of, 881. 333 ; development of, 381 : re- 
spiratory o.-gans of, 332 ; oniers of, 384; 
distribution of, in time, 222. 

Amphieatlia (CrocodiUa), 414. lliL 

Amphidigcg, 62, 63. 

Amphilegteg, 5(5'>. 

AmphujxuH, 32(5, 3.')1. 353. 

Amphipneugtu, 38.') 

Amphipoda, 198; characters of, 212. 

Amphigbcenidce, 409. 

Amphispongia, 64. 

A mphitherium, 560, 56L 

Amphiuina, 38.^. 3^»G. 

AmpuUaria, 288, 295. 

Aiutcanthini, -Mtt-i 

.^ina^n/oufea, 232. 

Anamniota, 337. 

Analogy, 16. 

Anarihrupoda, 177. 

./4 natidce, 447. 

.<4na<ina, 285. 

AiuUihidce, 2S4, 285. 
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Ancylnceras, Sin. 312, 314. 
Anetilus, 2ti6, 813. 
Andrias, 
Androphore$, 83. 
Angelina. 208. 
Anguillula, 171. 
Angwllulidas, 171. 
Anguui, 410. 

Aiiiinals and Plants, diSercnces between, 

7-11. 
Animnema, 72. 

Annelida, 177; characters of, 179; pnendo- 
hieinal system of, 180 ; orders of, 181 ; 
distribution of, in time, 188; ]ibo8))hores- 
cence of 72 ; iirticating cells of, 76. 

Annulata (see AniieliJu). 

Annuloida, 14 ; characters and divisions 
of, l.?6-138. 

Anntilosa, 14,177; primary divisions of, 177. 

Anodon. 284. 

Anonu>dontia, 419. 

Anotnura, 214, 217. 

Anoplotherium, 517, 564. 

Anoplura, 242. 

Anoura, 382: characters of, aSIi^QL 

Anger iiug, 411. 

Ant-eaters, SOO, 501. 

Antelopes, 518^ 620, 524. 

Antcnnte. of Lobster, 197, 216 ; of Araeh- 

nida, 222 ; of Myriapoda, 231 ; of In- 

secta, 238. 

Antennules, of Lobster, 197, 216 ; of Li- 

muhis, 210, 222. 
Anthracotherinm, 535. 
Anthropoid Apes, 
AnthuM,ifi2. 
Antilopid/e, 521. 
Antipathidce, 116, 122, 123. 
Antipalhes, 116. 
Antlia, 236, 247. 

Ants, 249; communities of, 250; slave- 
making instincts of, 250 ; relations with 
plant-lie^, 251. 

Aphaniptera, 246. 

Aphides, 243 ; alleged parthenogenesis of, 
80. 

Aphrodite, 186, 189. 
Apiocrinidce, 150, 156. 
Apes, 249. 

Aplacental Mammals, iSi, 
Aply»ui, 296. 
Aplyaiadce, 292, 296.' 
Apoda{Cirripedia), 198. 204; (Amphibia), 

2M ; (Fishes), 360^ aiii 
Apodeniata, 194. 
Apolemiad(B, 94. 
AporoM (CoralsX 118, 133, 184. 
Aporrhais, 295. 
Appendictilaria, 268, 270. 
Aptera, 239, 242. 
Apteryyidce, 451. 452. 
Apteryx, 440, 443, 452. 
Aptomis. 470. 
^pu#, 207, 220. 

Aquiferous system (we Water -vascular 
system). 

Arachnactit, 112, 113. 

Araehnida, 190, 191 ; characters of, 221- 
224; somite of, 221; organs of the 
mouth of. 222 ; respiratory process of, 
S23 ; distribution of, in time, 230. 

Araince, 458. 



Araneida, 227; characters of, 228; webs 
of, 229; reproductive process of, 229; 
distriWutiun of, la time, 230. 

Area, 284. 

A readrn, 283, 284. 

Arcella, 49. 

Areellina, 50. 

Arch(eocidari«, 157, 

Archfeocyathus, 64. 

Archteopteryx, 427. 442. 467. iflS. 

Arehenctphala, 484. 

Archittlidtr, '2:53. 

Archiulug, 233. 

Arctisca, 225. 

Arctomys, 513- 

.^Ird^a, 449. 

Ardeidce, 

Arenieola, 187, 189. 

.4rf^'r«rtt/fa, 256, 302; shell of, 303; re- 
productive process of, 302 ; hectocotylus 
of, 802. 

Argonautidce, 305. 

Aristotle's Lantern, 142. 

Armadillos, 500. 

Arms, of Star tlslies. 144 ; of Ophiuroidea, 
147 ; of Crinoidea, 149 ; of Comatula, 
150, 151 ; of Cygtoidea, 152 ; ot Brachio- 
poda, 272; of Cuttle-fishes, 800; of 
Nantiltu, 308. 

Artemia, 207. 

Arthrogaxtra, 227. 

Arthropoda, 177; characters and divisions 

of, 190. 
ArtiexjUata, 190. 
Artiodactyla, 513. 515. 
.<48apAu«, 208. 
.^«can>. 170. 
A$eidiad(w, 270. 
Atcidioida (see T^unicafaX 
Ascidians, solitary, social, and compound, 

269, 270. 
Ascocerag, 310. 
.^fintur, 515. 

Afiphonida (Lainellibranchiata), 283, 284. 

Atpergillum, 286. 

./IxptoncAna, 176. 

J«eare«, 2S5. 

Asteriadrp,, 146. 
nnidce, 146. 

.^«teroui«a, 137, 138; general characters 
of, 144. 146; families of, 146; distribu- 
tion of, in space, 155 ; in time, 157. 

Astreeidte, 132. 134. 

Agtrognnium, 157. 

Astri'pecten, 145, 157. 

Aatropectinidag, 146. 

A8trophydi€e, 148. 

Attrophyton, 147. 

AteUs, 555. 

Athorybiadce, 95. 

Athyris, 274. 

>4<ten/a. 296. 

u4eZan<t(i<B, 293, 296. 

Atolls, 129. 180, 182. 

Atrial system (Brachinpoda), 273. 

Atrium (Jftinicata), 267. 

Atdoporidce. 134. 
AulotUges, 275. 

uremia, 105. 
Anrelia. 240. 
ilurtcuia, 2961. 
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A uriculidcg, 294, 296. 
Aurochs, 525, 
Autophagi, l3iL 

Aves, 837 ; general characters of, 4 •23 ; 
feathers of, 424,425; vertebral column 
of, 426^ 421; beak of, 421; pectoral 
arch and fore-limb of, 429, ill ; hind- 
limb of, 431^ 432 ; foot 0^1^: digestive 
gysteiii of, 433 435 ; respiratory system 
of, 4ifi; circulatory sysitein of, 431: ner- 
Tous system and organs of senjie of, 439: 
reproductive system of, 438 ; migrations 
of, 441 ; divisions of, 441 ; orders of, 
442 ; distribution of, in time, 467-470. 

AvictUa, 284. 

Avicularia, 2rtl, 263. 

A ciculidat, 283, 284. 

Avocet, 448. 

Axinxu^ 284. 

Axolotl, 885. 386. 

Aye-Aye, 

Baboon, 55fL 
BabyrouBsa, 517. 
Bacteria, 35, 36. 
Bactritea, 315. 
BacxtlUeg, 810, 311, 312, 815. 
Badger, 53«. 
Balcena, 505, .^06^ 508. 
Bal(jtnid(v 75(y>, 507. 
Baloftwdon, liM. 
Balcenoptera, 5M. 
Balancers 235 246 

Balanida, 198, 200, 201, 203 ; dlbtribation 

of, in time, 210. 
Balanm, 201, 202. 
Baleen, 505, 506, 507^ 5QS. 
Balutidxc, 3657 ~ 
Bandicoot, 495. 
Barrier-reefs, 129, 130, 131. 
Barnacles, 200, 202. 
Bathybitu, 10, 55. 
Batides, 373, 
Batraehia, SSI- 
Bats, 474^ 475, 477, 487. 
Bear, 531, 534^ 535. 
Beaver, 544. 
Bee-cators, 4rt3. 

Bees, parthenogenesis of, 31, 32 ; commu- 
nities of, 249. 
Belemnites, structure of, 307. 
Belemnitidce, 306, 307, 811. 
BeUinnUella, 311. 
BeUmnitexUhis, 311. 
Belinnnu, 220. 
BeUerophina, 313. 
Belle rophon. 296, 318. 
BeU}dtm, 415. 
Beloptera, 812. 
Beluga, 2Sa^ 
Beroe, 127. 
Beroidte, 128. 

Bimana, 4S&; general charactera of, 558. 

Biology, defluitiou of, 1. 

Bioplasm. 4. 

Bipinnaria, 146. 

Bird-lice, 242. 

Birds of Prey, 464. 

Bird's-head process, 261. 

Bison, &2iL 

Bivalve Shell-flsh, 256, 278. 

Bladder, contractile, of liotifera, 174. 



Blastoidm, 188'; general characters of, 
152; distribution of, in time, 156. 

BUtttina, 244. 

Blenniid<x, 263. 

Blind-worm, 411L 

Boa. 41ilL 

Boidatj 411flL 

Bombtdce, 260. 

Booic-scorpion, 227. 

B'tpyridte, 213. 

Bon, 525, 566. 

Bothriocephaliii, 160. ! 

Botryllidm, 270. _ 

Bourmieticrintu, 150. " 

Bovidce, 524j 525, Sfia. 

Brachiopoda, 253, 254, 255; general charac- 
ters ol, 27U-274; shell of. 271 ; arms of, 
272; atrial sj^stem of, 273 ; nen ous sys- 
tem of, 273; vascular system of, 273; di- 
visions of, 274, 275 ; distribution of. in 
space, 276 ; in time, 276. 

Brachiuna, 199. 

Brachyiiietopiis, 220. 

Brachyura, 214; characters of, 217; de- 
velopment of, 217, 218. 

Bracts, 90 (see Hydntphyllia). 

Bradypoduke, 498. 563. 

Bradyptu, 472, 499. 

Brainatherivm, 565. 569. 

Branchial arches (Fishes), 345. SAIL 

Branchial hearts (Cuttle- lishes), 301. 

Branchial sac (Tunicata), 267, 268, 269 ; 
(Lancelet), 354. 

Branchiafa {Vertebrata). 337. 

Braiichi/era, 290, 294. 

Branchwgasteropoda, 288, 290. 

Branchiopoda, 206. 

Branchiostegal rays, 344. 

BranehioHtoma, 3M (see Amphioxiu). 

Branehipun, 207. 

Brevilinguia, 409. 

Brevipennatce, 444. 

Bruta, 428 (see Edentata). 

Bryozoa (see Polyzoa). 

Bubalu$, 526. 

Buccinidce, 291, 294. 

Buccinum, 291 294. • 

Bticerid(X, 41KL 

Buffalo. 520. 

Bufonidce, 320. 

Bulbus arteriosus, 350. 

Bulhnu^, 296. 

Bulla. 296. 

Bxdlidae. 292, 296. 

Bursaria, 71. ' 

Bustards, 45IL 

Butterflies. 247. 

Byssus (ot Latnellibranehiata), 283. 
Cachalot, 509. 

Caducibranchiata (Amphibia), 382, 383. 

Cteca, intestinal («f Binls), 435. 

Caeca, pyloric (of Fishes), 351. 

Ccecilia;, 384. 

Caiman, 4KL 

Calainaries, 306. 

Calearea iHponges), 63. 

Calceola, 275. 

Calceolidce, 275. 

Calciitpongice, 63. 

Calice (Corals), 115. 

Callianxridce, 128. 
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CalUthrix, 555, 
Callograpms, 108. 
Callymidoe, 128. 

Calycophoridce, 89-92; polypites of, 89; 

pyloric valve of, 90; tentacles of, 90; 

reproduction of, 91; development of, 91; 

distribution of, 108. 
Calyptrcea, 295. 
Calyptrceidae, 292 295. 
Calyx (of Vurticella), 68; (of CrinoidB), 156. 
Camelida;, 471, 481^ 52Q. 
Camelupardalidcc, 520^ 523. 
Camelus, 521. 
Campanularia, 88. 

Campanularida, 87, 88 ; medustform go- 

nophoreti of, 88. 
CanaU, of Sponges, 61 ; of ^ Icyonaria, 

120 : of Ctenophora, 125, 126, 127. 
Canida, 5^8. 
Cani*. 638, 532. 

Capitulutii {Lepadidce), 200, 202. 
Capra, b2L 
Capreoltin, 5 '22. 
Caprimulguict, 463. 
CaprineUa, 284. 
Capybara, 543. 

Carapace, of DiJJlvgia, 49 ; of Aretlla, 49 ; 

of Vaginicula, 70 ; of Cniataeea, 194 ; 

of Lobster, 214, 215; of Crab, 217; of 

Chelonian R<'ptilea, 398, 399. 
Carcharias, 373. 
Careharodon, SfilL 
Carchesiutn, 71. 
Cardiadce, 284, 285. 
Cardium, 285. 
Carinaria, 256, 293 

time, 313. 
Carinatce, 412. 

Camivora, 475 4.S4. 487: general charac- 
ters of, 530 : diviaionH of, 531-5*1 ; dis- 
tribution of, in time, SfiL 

Carpenteria, 55. 

Carriage siiring apparatus (Sra«A<opoda). 

272. 
Carteria, 117. 
Caryocari*, 220. 
Ca«4«, 294. 
Cassowary, 452. 
Castor, 544. 
Castoridat, 544. 
C<Mt«ir»"it«, 452. 
Catarhina, 552, 555. 
Catodontidre, 505, 509. 
Cats, 53L 639, ML 
Cavia, 543 
Cavieornia, 520, 524. 
CaoidcB, 54iL 
Cebidce, 654, 555. 
C«5u*, 555. 

Cells, of Polyzoa, 258, 259, 261. 

Cellulose, in Ascidians. 8, 266. 

Cement-gland, ot Cirripedea, 200, 201. 

Centipwles, 230, 231, 232. 

Cephalaspis, M9. 37« 

Cephalobratuihiata. 184 (see rttfticoto). 

Cephalopoda, 254, 255 ; general chsracters 
of, 299 ; arms of, 299, 300 ; suckers of, 
299 ; funnel of, 300 ; Ink-bag of, 301 ; 
mandibles of, 800; digestive system of, 
801 ; branchife of, 301 ; nervous system 
of, 301 ; vascular system of, 301 ; repro- 
duction of, 301 ; skeleton of, SOS ; divi- 



distribution of, in 



slons of, 304 ; distribution of. in time. 

312,814. * 
Cephalophora (Mollutea), 286. 
Ceplialothorax, of Cnutacea, 192, 193: of 

Arachnida, 22L 
Cephaluna, 199. 
Cephea, 105. 
Ceratioearis, 220. 
Ceratiten, 310, 312, 314. 
Ceratodru, 377. 
Cercolabes, 544. 
CercoUptes, 535. 535 
Cere, of Birds, 433, 4 40. 
Cerianthug, 112, 127. 
Cerithiadce, 292, 295. 
Cerithium, 295. 
Certhia, 4li2. 
Certhidai, 4ii2. 
Ceroidce, 520, 622, M5» 
Cervus, 
Cestidce, 128. 

Cestoidea, 159 (see Tamiada}. 
Cestracion, 373. 379. 
Cestraphori, 373. 879. 
Cestum, 128. 

Cetacea, 472, 474, 475, 476, 417. 481^ 483. 
4fil; general characters of, 5M ; groups 
of, 505-511 ; distribution of, in time, 5M. 

Cetiosaurus, 415. 

Chatropotamus, 565. 

Chceroptit, 496. 

Chcetognatha, 177, 189 

Chcetatwttis, 173. 

Chama, 284. 

Chaineleo, 412. 

Chameleontidae, 412. 

Chamidag, 284. 

Charadriidce, 450. 

Che Host ojiia ta, 2rt5, 276. 

Cheiromydte, 558. 

Cheiroinys, 553.. 

Cheironectes, 496. 

Cheiroptera, 484. 487; general characters 
of, 546; sub-divisions of, 548 ; distribu- 
tion of, in time, 568. 

Cheirotfierium, .SOI. 

Chelae, 19B; of King-crab, 2^9; of Scor- 
pion, 222, 228; of Book-acoi-pion, 227. 
Chelicerae, 222, 226, 228. 
Chelifer, 227. 
Chelichntig, 401. 

Chelonia, 3SI ; general characters of, 897- 
4111 ; sub-divisioDs of, 4U12 ; distribution 
of, in time, 4M. 

Cheloniidas, 401, 4fl2. 

Chelonobatrachia, MI(ae« .J^nouro). 

Chemnitzia, 296. 

ChiiogtMtha, 232. 

ChWjpoda, 232. 

Chimcera, 372. 

Chimoeridof, 371. 

Cliinipanzee, 551. 

Chirotet, 4H>. 

Chiton, 256, 296. 

ChitonidcB, 292, 295. 

Chlamyphorus, 600, 

Chlorf)phyll, in animals, 9. 

Chondropterygidas, 37Q. 

Chondroftteus, 87a. 

Choneteg, 276. 

Chorda dorsalix (gM NotochordX 
Chromatophores, 299. 
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C1)r}'(ia1is. 240. 

Chrysoehloris, WO. 

Chylaqneuns Canals (Medwa), 96. 

Chjlaqiieons fluid, of Jiot\fera, 176; of 

Antielida, 180, 186. 
Chyliflc stomach, of Insects, 237. 
Chytne-niRus, of Jnftuoria, 67. 
Cicada, 243. 
Citumia, 440. 
Cidaridce, 143. 
Cidarit, 140. 

Cilia, of S|>onges, 61 ; of Inftuoria, 66; of 
Actitwzoa, 109; of Cteiiophora, 125; of 
Echinxi*, 142; of Annelides, 181, 186. 

Cilia'a (It\fmt</ria), 66-71. 

Cincliiles, 113. 

Cinulia, 296. 

Cirrhi, of Annelides, 179; of Cirripedia, 
200, 202; of Braehiopoda, 272 ; of Lance- 
let. 353. 

Cirrh"poda (see Cirripedia). 

Cirripedia, 198 ; general characters of, 
20W-203 ; development of, 201 ; shell of, 
202 ; rfprodnction of, 203 ; divisions of, 
203 ; distribution of, in time, 219. 

Cirrostomi, 3!t3 (see Pkaryngobmnehii). 

Civet, aSL 

Cladocera, 198 ; characters of, 206. 

Clania'ores, 453. 

ClaMsification, 18. 

ClaxtsiUa, 296. 

ClavelUnidtB, 270. 

Cleudora, 297. 

CUpnine, 188. 

Cliidce, 298. 

CUmacograpsxu, 108. 

Clio, 298. 

Ctiona, 64, 65. 

Clitelluni, 183. 

Cloaca, of Rot\fera, 174 ; of Twteeta, 237 ; 

of Tunica ta, 267; of Amphibia, 381. 

883: of lleptUes, 396; of Birds, 436j of 

Monntreinata, 485. 48fi» 
ClupeidfB, 3fiL 
Chtpeatstridce, 144. 
C/y«ia, 84. 
Cnidse, 76. 
Coati, 535^ 536. 
Coccidce, 242. 
CoccolitliS, 55, 56. 
Coccospheres, 55, 66. 
Coccostetu, 309, 323. 
Cocem, 243. 
Cocottn, 240. 

CoRlenterata, 14, 74; characters of, 74-76; 

threa<i-rell8 of, 76; divisions of, 76. 
Coenenchyuja, 116. 
Coeuoeciam, 269, 261. 

Coenosarc, 77. 81 ; of Oceanic Hvdrozoa, 
89,92; of Phymlia,95; of refe/to, 94, 95. 

Coleoptera, 251 ; mouth of, 235; characters 
of. 251. 

Collosphctra, 60. 

Colobun, 

Colotsochelys, 402. 
Coluber, Iflfi. 
Colubrina, 405^ 406. 
Columba, ihL. 
Columbaeei, 463. 454. 465. 
Columbidce, 465. 

Columella, of Corals, 115; of the shells of 
Qatteropoda, 289. 



Column, of A etinidcB, 111. 
Coltjinbidce, 445. 
Colymbus, 445. 
Cotnantct/Htites, 152. 

Comatula, 150, 151 ; distribution of, in 

time, 156. 
Compaognathut, 422. 
Conchitera, 278 (see ZameUi^randkiato) 

Coiidttlura, 650. 
Conidiv, 2D1, 294. 
Conirostres, 460. 
Conocardium, 285. 
Conodonta, 878. 
^^onoru/u*. 296. 

Contractile vesicle, of Protozoa, 48 ; of 
vimflrta, 48; of Paraunrcium, 67; of 
VorticeUa, 69; of Epiitylit, 70. 

Conutona, 298, 313. 

Conus, 294. 

Coot, 44S 

Capepoda, 198; characters of, 205. 

Coral, 111 (*f«c Corallum). 

Corallite, 116. 

Corallium, 122, 129, 133. 

Corallum, 111, 114; distinctions between 

different coralla, 128. 
Coral-reefs, 129-132. 

Cordylophnra, 81, 82, 84; gonophores of, 

82; diHtiibution of, 107. 
Comuiites, 188. 

Cortical layer, of Infuioria, 66 ; of Hoc- 

tUuca, 72. 
Corvida, 4M. 
Coryne, 82, 84. 

Corynida, 79; characters of, 81; repro- 
duction of, 82-84; types of, 85; develop- 
ment of, 84 ; distribution of, 107, 108. 

C(*rynoidet, 108. 
Coryomorpha, 81, 86. 
Cotumix, iltL 
Coypu, fiil. 
Crane, 449. 
Crane-fly, 249. 
Crania. 271. 275, 277. 
Craniadce, 2.1 A, 275. 
Cituspeda, 113. 
Crex, 44a. 
Cribella, 146, 146. 

Cnnoidea, 138 ; general characters of, 
148-151; distribution of, in space, 155; 
in time, 156 ; structure of calyx in 
fossil forms of, 156. 

Crioceras, 310.1 

Cristatelia, 260. 

CrocodUia, 305, 396, Sfll^ 4QQ ; general char- 
acters of, 413. 414 ; divisions of, 414 ; dis- 
tribution of, in time, 

Crocodiltu, 414. 

Crop of InsectA, 236; of Bird4, 434. 

Cross-bill, 4dl- 
Crosgopterygidce, 3Afl. 
Crotalidce, 403. 
CrotaluM, 405. 

Crust, of CruMaeea, 192 ; of Trilobites, 207. 

Crustacea, 190 ; general characters of, 
191-198; morphoTog)' of a typical Crus- 
tacean, 192; divisions of, 198-218; dis- 
tribution of, in space, 219 ; in time, 219, 
220. 

Crpptochiton, 296. 
CryptophialuM, 204. 
Crystalline stylet, 281. 
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Ctenocyst, 126. 

ClenoduieiUy 145. 

Ctenoid, scales of Fishes, .?40. 

Ctenophora, 111 ; characters of, 124 ; 

hoiiioloKies of, 127; divisions of, 128; 

diHtribution of. 129. 
Ctenoi»horal canals, 126, 127, 128. 
Ctenophores, 125. 
Ctenostomnta, 259, 266. 
Cuckoo, 45". 
Cuculidce, 457. 
CuciUUea, 2S4. ' 
Culex. 247. 
CulteUwt, 285. 
Ciiltirostreg, 448, 4iiL 
Curlew, 400. 

Cursorea, 443: characters of, 451. 
Cuticle, of Amceba, 47; ot Jr^ftuoria, 66; 

of Noctilnea, 72. 
Cuttle-bone, 803, 306. 
Cuttle Ashe's. 299, 800, 301, 802, 304. 
Cyamus, 212. 
Cyanea, 103, 105. 
Cpathaxonidte, 134. 
Cyathophyllidce, 134. 
Cyeladidop, 285. 
Cf/cfaj», 282, 285. 
Cj cloid, scales of Fishes, 213. 
CyeUtlabridff, 363. 
Cyctophorun, 297. 
Cyclophtbalmm, 230. 
Cyclopoidea, 193. 
Cyclops, 205. 
CyeUistoma, 297. 

Cyclogtomata (Polyzoa), 265, 276 ; (Fishes), 

855. 

Cyeloatomi (Fishes), 355. 

CyclmtornidcB {Gasteropoda), 294, 297. 

Cydippf, 124. 

Cyonidce, 447. 

Cylichna, 29«. 

Cyinothoa, 218. 

Cynocephalus, 55fi. 

Cynthia, 2fi6. 

Cypr(pa, 294. 

Ctfprceid<e, 291, 294. 

Cyprina, 285. 

Cyprinidof (Molltuca) 285 ; (FishesX 3fiL 
Cypri*, 205. 
Cypaelidfr. 4fl.<t. 
Cyrena, 285. 
Cyrtia, 274. 

Cyrtoeeras, 310, 812, 314. 
CyrtolittH, 313. 
Cifgtieerci, 163. 

Cystic Wonns, 159, 161, 162, 163. 

CyKtiphyllidcfi, 134. 

Cyatnide.a, 138 ; general characters of, 

151 ; distribution of, in time, 157. 
Cytherea, 285. 

Dacelo, 463. 
Dactylethra, ^90. 
Dakosaurus, ilfi. 
Dama, i2iL 
Daphnia, 206. 
Darwinian Theory, 38. 
D(utifpodUi(r, 408, illll. 
Daityptm, hiiSL 
Dagyurm, 407. 

Decapoda {Cnigtacea\ 214; distribution 
of, in time, 220 ; (Cephalopoda), 300, 806. 



Decollated shells, 257. ' 
Deer, 618. 520^ 5:^ 
Deinoaauna (see J[>ino«aurta). 
Deinntherium, 5'J7, 530. Srifi. 
Delphinidce, 5o5, 510. 
Delphinula, 295. 
Delphinus, 510. 
Demodex, 226. 
Dendrocoela, 167. 
Dendrograpnts, 106, 108. 
Dendrolagiig, 493. 
Dendrophyllia, 116. 
Dendrostyles, 104. 
Dental formula, 480. 
Dentalidft, 295. 
Dentalina, 53. 

Dentaliuvi, 295; shell of, 289; position 
of, 295. 

Dentirogtreg, 460. IflL 

Devehtpment, 33 ; retrograde, 34 ; of (?r*- 
parmjdof, 45 ; of Furaminiftra, 52; of 
Hydra, 81; of Corynida, 84; of /?eriu- 
larida, 87 ; of Calyeophoridop. 91 ; of 
Phygophftridm, 93 ; of Medugidce, 98 ; 
of Luce man do. 28, 101 ; of Aetinidce, 
113 ; of Pleurobrachia, 127 ; of .KcAim)- 
dermata, 136 ; of Asteroidea, 146 ; of 
CimiaXula, 150; of Tarniada, 160; of 

. Trematoda, 164 ; of Xemertida, 107 ; 
of Acanthoeephala, 168 ; of Trichina, 
170; of the Guinea-worm, 171; ofTubi- 
colar AnnelidcK. 184 ; of Errant Anne- 
liiles, 187; of Crustacea, 193; ot Epi- 
zoa, 199; of Cirripedia, 201; of Limu- 
/t«, 211 ; of Maerura, 217 ; of Brachy- 
ura, 217; of Myriapoda, 231 ; of Jntect a, 
239 : of Polyzoa, 265 ; of Brachittpoda, 
273 ; of Tunicato. 268 ; of Lnm«Z/i&ran- 
ehiata, 282 ; of Gasteropoda , 289 ; of 
Amphibia, 38L 387, 382. 

Dextral (Shells), 257. 

Dibranchiata {Cephalopoda), 804 ; char- 
acters of. 304; divisions of, 305; distri- 
bution of, in time, 315. 

Diceras, 284. 

Dicoryne, 84. 

Dicotyleg, 617. 569. 

Dicranocfrapgus, 108. 

Dictyonema, 108. 

Dieynodon, 419. 

Dicynodontia, 419. 

Didelphia, IJii. 491. 

Didelphidce, 4M. 

Didelphyg, VXL 

Didunculus, 4.5a. 

Didug, 45tf. 

Jhdymograpgxig, 1(8. 

DiMugia, 49. 

Dxgittgrada, 531^ 5M. 

Dimerogomata, 227 (see Jran«i(/a). 

Dimorphodttn, 42L 

jyimyaria, '283. 

Dinomig, 470 

DinflWM/rirt, 421, 422^ 4fi2. 

Diomedea, 

Diphydat, 92. 

Diphyea, 91. 

Drphyllidia, 296. 

Diphyozooids, 91. 

DiplacarUhua, 373, 

Diplodonta, 2S5. 

Diplograpsxia, 107, 103. 
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Diplostomtim, 165. 

Dipnoi. general characters or, 37&.a77. 

Dipodidte, hih^ 
Diprotodon, 

Dipt era, 235 ; mouth of, 236 ; characters 

of, 246. 
Dipterxis, .S7ft. 
DUcina, 275, 277. 
DUcinidcp, 275. 

Discftjihora {Medusoe), 78 : characters of, 
95-99. 

DiscophoraXLeechea), 181 (see Hirudinea). 
Diflsepitnents, of Coruls, 117. 
Distal, 77. 
Distoma. 165. 

Distribution, geographical, 39 ; bathy- 

metrical, 89; geological, 39-41. 
Dithyroearis, 220. 
Dodo, 456, im 
Dog. 53L, 532. 
Dog-fishes, lili 
DolabfiUa, 296. 
Doliolum, 270. 

Dolphins, 472^ 476^ 483» 504. 505. ftllL 

Doiiax, 285. 
Dorcatherium, SfiS. 
Dnridce, 292, 296. 
i>orw, 296. 
Dormice, 545. 

Dorsal vessel, of Insects, 237. 

Donibranehiata, 186 (see ErrarUia). 

Draco, 112. 

Draciinculujt, 171. 

Dreinsena, 284. 

Dromaitis, i/i^A 

Dromatherium, MIa 

Dromedary, fi2L 

Dryopithecm, 568. 

Duck 440 447. 

Duck-mole, 473, 474, 479, 4S9, 490, 
Dugong, 472^ 602, 50»i 6iJi. 

Eaole, ififi. 
Ec.deron, 109. 

Echidna, 479, iS2, 483, 485, 489, 4fiQ. 

Echinococci, 164. 

Echinoderniata, 135; general characters 
of, 136-138 ; development of, 136 ; divi- 
sions of, 138; distrihution of, in 8i>ace 
and time, 155-158. 

Echinod(ni, 413. 

Echinoidea, 138; characters of, 138-143; 
test of, 138; ambulacral system of, 141; 
digestive system of, 142 ; families of, 
143; distribution of, in space, 155; in 
time, 157. 

Echiiwrhynehua, 169. 

Echiiiozoa, 185 (see Annuloida). 

Echinm, 141, 142. 

Echiurus, 178. 

Ectocyst, 261. 

Ectoderm, 75, 109. 

Ectosarc, 47, 

Edaphod':*, 372, 380. 

EdeiUata, 4767182,1 484, 486; general char- 
acters of, 498; distribution of, in time.563. 

Ed riopht h a linata , 211; characters and 
divisions of, 211. 

Elagmobranchii, characters of, 370, 3U ; 
division:i of, '371 ; position of, in the scale 
of Fishes, distribution of, in time, 
377. 379. 

VOL. II. 



Elagmodut, 872. S&O. 
EUdone, 811. 
Elephas, 628, 529, figt 
Elysia, 296. 
ElygiadoB, 292, 296. 

Elytra, of Aphrodite, 186; of Coleoptera, 

234, 251. 
EmarginuUit 295. 
Emeu. 462. 
Emydidoe, 40L 402. 
Emys, 411L 
Enaliosauria, 416. 
Enallostega, 54. 
Encephala (Mollusca), 278, 286, 
Encrinus, 156. 
Enderon, 109. 
Endocyst, 261, 262. 
Endoderm, 76, 1U9. 
Endopodite, 196. 
Endosarc, 47. 
Endostyle, 267. 
Entomoatega, 54. 

Entomoatraca, 198; characters of, 204; 

divisions of, 204. 
Entosolenia, 52. 
Entozoa, 158. 
Eozoim, 55, 56. 
Ephemerida, 244. 
Ephyra, 102. 

Epidermis (of the shell of MuUusea), 257. 
Epimera, 194. 
Epipodite, 196. 

Epii»odium, 287; of Pteropoda, 297 of 

Cephalopoda, 300. 
Epistema, 194. 
Epiatome, 263, 265. 
EpUttylin, 70. 

Epizoa, 198; characters of, 198, 190. 

Equidoe, 515. 
Equxts, 515. 565. 
ErinaceTdce, 550. 
Erinaceus, bhh 

Errantia, 181; characters of, 185; gem- 
mation of, 187; development of, 187; 
distribution of, in time, 188. 

EnncidcB, ML 

Eudendrium, 85. 

Eulima, 295. 

Eunice, 188. 

Eunicea. 188. 

Ewmphaltis, 295. 

Eupaainmid<B, 134. 

Euryale, 147. 

EtirypUrida, 211 ; distribution of, in time, 

220. 

Eurypterus, 220. 
Exopodite, 196. 
Extracrintu, 156. 

Facial Suture of Trilobites, 209. 

Falconidee, 466. 

Favogitidce, 133, 

Favosponaia, 64. 

Feathers (structure of), 424, 125. 

Feather-star, 136, 150. 

Felidce, 539, 567, 

Feli^, 540, 568. 

Fenestella, 276. 

Feran, feSIL 

Fiber. 511. 

Field- bug. 243 

Filaria, 171. 

2 Q 
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File-flshes, afiS. 
Finches, 46L 
Finner-wlmles, 508. 
Firola, 296. 
FirolUUe, 293, 296. 
Fissilinguia, 409. 

Fission, continuous and discontinnous, 

24, 26; of Corals, 118, 119. 
Fissirostres, 4 BO, 
Fismrella, 295 
FismrelUdce, 292, 295. 
Flagella, 43, 72. 
Flagpllata {In/usona), 66, 71. 
Flamingo, 447. 
Flat-fishes, 342, 302, 313, 
Flints, oriem of, 05. 
Float of Physophoridce, 93. 
Floaeularia, 173, 175. 
Flukes (Suctorial worms), 164. 
Flustra, 8, 26. 
Flying-Dragon, 412* 
Fljing-Lemur, 551. 
Flying-Squirrel, 5i£L 
Food of animals and plants, 9. 
Food-vacuoles, 47, 48, 67. 
Foot of Lamellibranchiata, 282 ; of Ga»- 

teropoda, 287; of Heteropoda, 293: of 

Pteropoda, 297; of Cephalopoda, 300; 

of Rotifera, 173. 
Foot-Jaws, of Lobster, 196; of Centipedes, 

232. 

Foramini/era, 1, 3, 24, 60; sarcode of, 61 ; 

})8eudopodia of, 51; test of, 60, 61 ; uni- 
ocular and muUilocular, 62; stolons of, 
62 ; classifications of, 53, 64 ; affinities 
of, 54 ; distribution of, in space and time, 
66. 

Forjicula, 235. 

Formica, 250. 

Fowl, 4ifi. 

Fox, 538^ aasL 

Fox-bats, 648, 549. 

Fraterciila, 445. 

Fringillidte, 460, 461^ 

Friiiging-reefs, 130, 132. 

Prog, 2SI ; development of, 3S9. 

Fulica, 4i8x 

Functions, specialisation of, 12. 
Ftingidce, 134. 
Funiculus, of Pobjzoa, 264. 
Funnel, of Ctenovkora, 126 ; of Cephalo- 
poda, 300 : of JV autiitu, 309. 
Furculani, 430. 
Fxmu, 294. 

GADIDiE, 362. 

GaUocerdo, 3M. 
Galeodes, 222, 227. 
GaUopithecidas, 551. 
GaUopitheeus, tJA, 553. 
Gale»ten, 500, 5Si 
GaUinacei, 453. 
GalUnff, 453. 
GalUnula;, MS. 
Gallus, 454, 455. 
Gami/tartf^, 212. 
Ganuet, 437, ilfi. 
Garwdujf, aSlL 

Ganoid (Scales of Fishes), 340, Sfi5» 
Ganoidei, characters of, 3 04-307; divisions 

of, 361 ; distribution of, in time, Slfi 
GarruUme, MQ. 



Oatteropoda, 263, 254, 255 ; general char- 
acters of, 286-290 ; foot of, 287 ; odonto- 
phore of, 287; circulatory and respira- 
tory organs of, 288 ; embrj'o of, 289 ; 
shell of, 289; divisions of, 29Q; familicH 
of, 294-297 ; distribution of, in time, 312, 
313. 

Gastomu, 469. 

Gastrochanui. 286. 

Gmtrochcenidfp, 284, 286. 

Gavial, 414, ili 

Gavialis, 414. 

Geckotidcp, 41L 

Geese. 442, 41L 

Geinitores, 453, 455. 

Gemmation, continuous and discontinn- 
ous, 24, 25 ; internal, 26 ; of Forami- 
n^fera, 62; of Vorticella, 69; at Uydra, 
25, 80 ; of medusiforni gonophore.s, 98 ; 
of Corals, 118;. of Saididce, 183; of 
Errantia, 187; of Polyzoa, 258, 260; of 
Tunicata, 269. 

Gemmules of Spongilla, 63. 

Generations, alternation of, 27-30 ; of Sal- 
pians. 

Generation, Spontaneous, 34-37. 

Genette, 53L 

Gfomelania, 297. 

GeophilvJt, 8.S2. 

Gephyrea, 177-179. 

Gibbon, 657. 

Giraffe, 51R, 620^ 523. 

Gizzard of Insects, 237 ; of Birds, 485. 

Glabella, 208. 

Gladius (Cuttle-flshes), 303, 306. 

Glatietu, 296. 

Glireg, M2 (see Jiodentia). 

Globicephalux, 510. 

Globigerina, 52, 63. 

Glyciineris, 285. 

Glyptodon, 50<l, 563, 5fii* 

Glyptolepis, 378. 

Goat, 523. 

Goat-aucker, 463. 

Gobiido!, 363. 

Goniaster, 146. 167. 

Goniatiteu, 316. 

Goniodiseus, 167. 

Gonoblastidia, 84. 

Gonocalyx, 82 ; structure of, 82, 83 ; canals 
of, 83. 

Gono)>hores, 82 ; medutiform, 83, 84, 88, 89, 

90, 91, 93, 98. 
Gonosome, 78. 
Gonotheca, 87. 

Gordiaeea 168 ; characters of, 169. 
Gorgonida, 120; characters of, 122; dis- 

tributlon.of, in time, 133. 
Gorilla, 657, 558. 
Gouridce, 4iiL 

Grallatoreg, M2 ; cliaracters of, 447, 448. 
Grantia, 64. 
Graphulariu, 133. 

Graptolitidm, characters of, 105-107 ; dis- 
tribution of, in time, 108. 
Greenland Wliale, 606^ 6QL 
Gfregarina, 44, 46, 46. 
Gregarinidce, 44 ; reproduction of, 45. 
GriJUhiden, 220. 
Cfrmnida, 54. 

Growth, 3, 24 ; correlation of, 17, 18. 
Gruido!, 449. 
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(?rtM. 449. 
Gnjllina, 244. 

Guard, of Belemnite, 306, 807. 
Guinea-fowl, 454. 
Guinea-pig, 543. 
Guinea-worm, 171. 

Gulo, 530. 

Oymnodontidce, Sfl.S. 
Gymnol(einaia, 265. 
Oymnophiona, 384. 

Oymnophthalmata (Medugidai), 95, 96, 
105. 

Gymnosomata, 298. 
Gymnotua, ^ML 
Gynophorea, 93. 
Gypsaettut, Ififi. 
Gyrencephala, 4&L 
Gyroceras, 810. 

Hcematocrya, 33S. 
Hcematopus, 45'i. 
Hoematothenna., 335.. 
Hag-fishes, 355^ 356^ 23L 
Haimeia, 120. 
Hair-worms, 169. 
Halcyornin, il5S. 
llalicorc, aos. 
HalimMtm, 58. 
Haliotidte, 292, 295. 
Ilaliotig, 295. 
JIalitherium, 564. 
Halteres, 235. 
HamUes, 314, 315. 
Hapale, 555. 
Hapalidce, 554. 
Uarpa, 294. 

Uaxixtellata, 198 (see Epizoa), 
Hawks, UiS. 
Hectocotylus, 302, 805. 
Hedgeliog, 550, 551. 
Jlelicidin, SMT 
Jlelicoidea, 54. 
IlelicoHtega, 54. 
//eiia;, 296. 

nelludotherium, 524^ 565^ 552^ 
Hemelytra, 236, 243. 
Hem icardiwn, 285. 

Hemimetabola {Insecta), 239, 241, 242. 
Hemiptera, 242, characters of, 243. 
Hermit-crab, 217. 
Heron, 44£L 

Herpestes, 53L. 

Heterocercal (tail of fishes), MS. 
Heterogeny, 35. 
Heterotnastiz, 72. 
Heterophagi, 439. 

Heteropoda, 291 ; characters of, 292 ; foot 
of, 293 ; shell of, 293 ; divisions of, 296 ; 
distribution of. in time, 313. 

Iletfi.roptera, 243. 

Jlipparion, 565. 

Ilippobosca, 247. 

Hippocampidce, 364. 

Hipitocrepian Polyzoa, 263. 

Jlippohyiis, f>f>f>- 

Jlippopotamidce, 516. 555. 

Jlippopotamua, 516, M5. 

UippurUes, 284. 

Hippuritidce, 284, 813. 

Ilirudinea, 181; general characters of, 
181, 182. 

Htruiio, 188. 



Hirundinidte, if^ 
Holocephali, 210. ; characters of, STL 
Holocystis, 123, 182. 
Holmnetabola {Insecta), 239, 246. 
Holoptychius, 378. 

Holostomata (fiatUropoda), 290, 291, 294, 
313. 

Holothuria, 153, 154. 
Holothuridfe, 165. 

Holothuroidea. 138 ; general characters of, 
153-155; families of, 155 ; distribution of, 
in space, 155 ; in time, 158. 

Horaocercal (tails of Fishes), 318. 

Homology, 16; serial, 16. 

Homomorphism, 16. 

Homopteray 243. 

Honey-eater, i62. 

Hoopoe. 462. 

Honi-bill, 4fiIL 

Horse, 476^ 478, 515. 

Humming-birds, 462. 

Hycena, 638, 5^ 

llycsnidre, 

Jh/alea, 298, 318. 

Uyaleadce, 298. 

HyalochoetidfB, 116. 

HyaUtnemadce, 116, 123. 

HyhoduM, SZS. 

Hydatids, 161 168. 

Hydatina, 174. 

Hydra, 9, 25; structure of, 79; repro- 
duction of, 80, 81 ; thread-cells of, 76 ; 
development of, 81 ; distribution of, 107. 

Hydraehnidas, 226. 

Hydractinia, gonophores of, 82, 84. 

Hydra-tuba, 28, 29, 101, 102, 103. 

Hydrida, 79. 

Hydrocaulus, 86. 

Hydroefioerus, 512. 

Hydrocysts, 93. 

HydrcEPium, 91. 

Uydroida, characters and divisions of, 78 ; 
reproduction of, 82-85 ; diatinguished 
from Polyzoa, 268, 259. 

Hydroid Zoophytes (see Hydroida). 

Hydrophidce, 406. 

Hydrojihyllia, 90, 92. 

Hydrorhiza, 79. 

Hydrosoma, 77. 

Hydrothecse, 81, 85, 86. 

Hydrozoa, 76 ; characters of, 76 ; termin- 
ology of, 77 ; divisions of, 78 ; reproduc- 
tion of, 82 ; Oceanic, 89 ; distribution of, 
in space and time, 107-109. 

Hyla, 382^ m 

Hylobate^, 557. 

IIymenocaru(, 220. 

Ilymenoptera, 249. 

Hyoid arch (Fishes), 344^ Sil 

Ilyopotamug, 5fi5. 

Jlyponome, 161 

Hypostome, of Trilobites, 208. 

HypsiprymnxM, 493. 424. 

Hyracoidea, 431; general characters of, 
525. 

Hyrax, 52C, 527. 
Hystricida;, 542. 
Hystrix, £44. 

lantkina, 295. 

Ibis, 440. 

Iclmeumon (Jruecta), 235, 249. 
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Ichthyodorulit«8, 3fil. 372. Slfi. 
Jehthyomnrpha, 384. 
lehthyophthira, 198, 199. 
Ichthyopsida, 3M, 

Jchthyopterygia, 397; characters of, 41fi. 

Jehthyomuria, 416. 

Jchthyosaums, 416. 417. 

Ipniana, 408^ Hi 

Iguanidiv, 412. 

Jouanodon, 421. 422. 

llyanthidce, 113. 

IlyanthuK, 113. 

Iraago, 239, 24'i. 

Imper/orata {Foratnin\fera), 51, 54. 
Implacfntalia {Mammalia), 484. 
Individuality, general deQnitiua of, 25, 77; 

in St>onRes, 65. 
Infunaibiiluin, of Cephalopoda, 299, 300. 
Infusoria, spontaneous generation of, 35, 

3fi ; clmractera of, 66 ; divisions of, 66 ; 

affinities of, 72 ; Ciliated, 66 ; Suctorial, 

71 : Flagellate, 71 ; compared with Jio- 

tifera, 176. 
Inia, blL 

Innocua (Ophidia), 406. 

Inoceramux, 284 

Inoperculata, 294, 296. 

Insecta, 191, 233; general characters of, 

233-241 ; organs of the mouth of, 235 ; 

wings of, 234; digestive system of, 236; 

trachea; of, 238 ; circulation of, 237 ; 

metamorphoses of, 239 ; partlienogene- 

gis of, 30, 81 : sexes of, 240 ; ordera of, 

241 ; distribution of. in time, 252. 
Inseetivora, 484 . 4S8; general characters 

of, 549j families of, 550; distribution of, 

in tmie, 568. 
Insessores, 113 ; characters of, ; sec- 
k tions of. 460. 
Integro-paUialia, 282, 283, 284. 
Invertebrata, general characters of, 324. 

325. 

Isehiodiu, 372, 380. 
^Jsis, 116, 1557^ 
f Jnocardia, 285. 

Isopoda, 198; characters of, 212; distri- 
bution of, in time, 220. 

lultts, 232. 

Ixodes, 226. 

jAOtTAR, 541. 

Jelly-fishes, urticating powers of, 76 ; na- 
ture of, 97, 98 ; former classification of, 
95, 96. 

Jerboa, HAh. 

Kanoaroo, 4d2L 
Kangaroo-rat, 493, iM. 
Kellia, 285. 
Keratode, 60. 
Keratom (Sponges), 63. 
King-crabs, 209. 210, 222. 
Kink^ou, 635^ fiSfi. 
Koninekia, 274. 
Koninckiadce, 274. 

Labium, of Lobster, 197; of Arachnida^ 

222; of Insect a, 236. 
Labnim, of Lobster, 197 ; of Trilobita, 

208 ; of Scorpion, 222 ; of liuecta. 235, 

236. 

Lahyrinthodontia, 301^ 222. 



Laeerta, ilL 
Lacertidce, 411. 

LacertHia, 387^391; general characters of, 
408. 4M ; families of, 400-41. s ; distribu- 
tion of, in time, 418. 

Lcemodipoda, 198; characters of, 211, 212. 

Lagena, 52. 

Lagopus, 454. 

Lamellibranchiata, 253, 254 ; general 
characters of, 278-283; shell of, 279; 
digestive system of, 280; circulatory 
system of, 281 ; mantle of, 280 ; bran- 
chiae of, 281 ; reproduction of, 282 ; 
muscles of, 282; habits of, 283; divi- 
sions of, 283 ; families of, 284, 285 ; dis- 
tribution of, in time, 312. 

Lainellirostres, lifi. 

Lamprey, 350^ 355^ 366, 357. 

Lamp-shells, 271. 

Lancelet, 334^ 336^ Ml ; anatomy of, 353- 

Land-salamanders, 387. 
Laniidce, 461. 
Laomedea, 88. 
Laridce, 445 
Lark, 460, IQL 

Lan'a, of Echinndennata, 136, 137 ; of 
Eehinoidea, ISS : of Asteroidea, 146 ; 
of Ovhinroidea, 147 ; of Crinoidea, 149 ; 
of llolothuroidea, 153 ; of Tceniada, 161, 
162, 163; of Treinatoda, 164; ofiV>j/u?r- 
tida, 167; of Acanthocephala, 168; of 
lehthyophthira, 199; of Cirrivedia, 201 ; 
ot Brachyura, 217; of Limu/tM, 211 ; of 
Myriapoda, 231 ; of Insecta, 239, 240 ; 
of Tunicata, 269 • of Brachiopoda, 273 ; 
of Lamellibranchiata, 282 ; of Gastero- 
poda, 289. 

Leech, 181. 

Lemuridct, SM.. 

Leopard, SIL 

Lepadidce, 198, 200 ; characters of, 202 ; 

distribution of, in time, 220. 
Lepaa, '201. 

Lepidoganoideiy 867. 818. ** < 

Lepidoptera, 247 ; mouth of, 236 ; charac- 
ters of, 247. 
Lepidosiren, 351, 352. 356; characters of, 

87.'i-377. 
Lepidosteus, 342, 365^, 3fiL 
Lepidota, SM (see Dipnoi). 
Lepisma, 242. 
Leporidce, 54.3. 
Leptcena, 274. 

Leptocardia, 253 (see Pharyngobranehii). 

Lepus, 543. 

Lernoea, 84, 199. 

LibellulidcB, 244. 

Lieberlnihnia, 50. 

Ligula, 236. 

Limacidce, 294, 296. 

Lima/^ina, 298. 

Limneinidce, 298. 

Limax, C56, 296. 

lAmwidia, 207. 

Limncea, 296, 313. 

Limnceidce, 294, 296. 

Limnoria, 213. 

Limultis, 209, 210, 211, 220. 

Lingua (Insects), 236. 

Lingual Ribbon (Mollusca), 287. 

LinguatuliTUi, 225. 
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Litujvla, 271, 275, 276, 277. 
Lingulidce, 274, 275. 
Lion, 531^ 539, SiQ. 
Lissencephala, 484. 
Lithohius, 232. 
Lithocynts, 99, 104. 
Lithodomi, 283. 
LUhomifi, 469. 
LUtorina, 291, 295. 
Littorinidee, 292, 295. 
LUuites, 310, 312. 
Lituolida, 54. 
Liver-fluke, 165. 
Lizards, 408-411. 
Llama, 520, 52L 

Lobster, niori'hology of, 193-198 ; general 

anatomy of, 214-217. 
Tjob-wonn, 187, 189. 

Loculi, of shell of Foraminifera, 60 ; of 
Corals, 115. 

Locustina, 244. 

Loligo, 306, 31L 

Longipennatce, 445. 

Longiro8tre«, 448. 450. 

Lopiiiidfe, 30:jT 

Lopbobranchii, 3fi3» 

Lophopea, 265. 

Lophopore, 263, 265. 

Lophopus, 261, 262. 

Lopht/ropoda, 204. 

Loricata, 395. 

Love-bird, 458. 

Loxiadce, 460i 4fiL 

Lucemaria, 100. 

JAicemariadce, 99, 100, 

Lticeniarida, 78; general characters of, 
99; umbrella of, 99; divisions of, 99; 
development of, 101 ; structure of re- 
productive zoOids of, 103, 104. 

Lwina, 285. 

Lucinidm, 284, 2S5. 

Luidia, 145. 

Luintfhcidm, 182. 

Lumbricwt, 183. 

i/i*<ra, 537. 

LtUraria, 285. 

Lyencephala, 484. 

Lynx, ML 

Macacus, 556. 

Mnrcaw, 4.^8- 

Afaeellodon, 413^ 

Machairodtis, 567. 

Maclurea, 296, 313. 

Macraiiclienia, 569. 

Macrobiotido!, 225. 

Sfacrodactyli, 448. 

ilacrnjXHlidtv. 4?«3. 

Maeroitpondyhis, 415. 

Macrotheriuui, 504. 

Macrura, 214; characters of, 214-217. 

Mactra. 285. 

MaetridoB, 284, 285. 

Madreporidce, 134. 

Ma<i rejiorif) tnn tubercle of Eehinodermata, 
137 ; of Echinoidea, 139; of Asferoidca, 
145 ; of Ophiurvidea, 147 ; of Hulothur- 
nidea, 164. 

Malaeodennata (Zoantharia), 111, 129. 

Malacopteri, SfiiL 

Malacfipten/gii, R.'iS. 

Malacotstraca, 198; charactera of, 211. 



Malhphaga, 242. 

Malpighian tubes, of Insects. 237. 

Mammalia, 337, 338 ; general characters 
of, 471-483; osteology of, 472-480 ; teeth 
of, 479. 480 ; digestive system of, 481; 
circulatory system of, 4M ; respiratory 
system of, Ifii ; nervous system of, 4S'2 ; 
reproductive system of, 482: integii- 
mentary system of, 4S2; primary di- 
visions of, 484, 425 ; orders of, 48^48fi ; 
distribution of, in time, 569-570. 

Mammoth, 528, 529, £fiL 

Manatee. 4^2, SO^Tafli 

Maiiatidce, iiil^ 

Manatus, 503. 

Mandibles, of Lobster, 196; of .ira«^nida, 
222; of Myriapoda, 232 ; of Intecta, 235, 
286 ; of Cephalopoda, 300, 308; of Verte- 
brates, 330. 

Manidce, 501. 

JfauM, 479. 483^ 498. jSfiL 

Mantle, of "TnTreea^a, 266 ; of Brachiopodaf 
272; of Lainellibranchiata, 280; of Otw- 
teropoda, 287 ; of Cephilopoda, 299 ; of 
Nautilus!, 308. 

Manubrium, 82, 96. 

Marginal bodies, of Jfedtuoe, 96 ; of Lti- 

cemarida, 99, 104. ' 
Marginella, 291. 
Marmoset, 554. 
Mannot, 546. 

Marsipobranchii, general characters of, 
355-357 ; families of, 855; distribution 
of, in time, 3IS, 

Marsupial bones, 477, 489^ 422. 

Marsupialia, 4S4. 485. 486; general char- 
acters of, 421 ; families of, 492-497 ; dis- 
tribution of, in space, 4£1 ; in time, 560. 

Marmpites, 156. 

Mastax, 173. 0k 

Ma»todon, 527, 529. Sfifi. 

Maxillae, of Lobster, 196; of Araehnida^ 
222 ; of Tnsecta, 236. 

Maxillipedes, of Lobster, 196; of Centi- 
pedes, 232. 

May-flies, 244. 

Meandrina, 119. 

ileasles, of Pij?, 163 ; of Ox, 163. 

Medmid<je, 95-99 ; structure of, 96 ; exact 
nature of, »7, 98. 

MegaceroH, 523, 565. 

Megadenna, S4fi. 

Megalonyx, 563. MSL 

Megalosaurus, liL 

Megalotrocha, 173. 

MegapUra, 5flfi. 

Megatherium, 563, &fi&. 

Melania, 295. 

Melaniadce, 292, 295. 

MeUagriii, 454. 

MeUagrince, 45ii 

Mele9, SSfi. 

Melicerta, 178, 174, 175. 

MelidfF, 536. 
Meliphagid4g, 4112. 
Me Ui vara, .')'<r>. 

Mcnibrana nictitans (of Birds), 432; of 

Mammals, 483. 
Meiiobranchus, 885, 386. 
Menopoma, 385^ 386^ 322. 
Mentum, 230. 
MephitiSt ^iHL 
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Merguhis, 445. 
Meropida;, 4t^3. 

Meruatomatn, 198 ; characters and divi- 
sions of, 209; distribution of, in time, 
220. 

Merulidce, 461^ 4fi2. 
ilerycotfierium, 569. 

Mesenteries (of Jet t'nozoa), 110, 112, 113, 

115, 127. 
Meaopodium, 287, 203. 
Mesothorax, 234. 

Metainorplio8i.s, 33 ; of Myriapodoy 231 ; 

of Inseeta, 239 ; incomplete, 239 ; cora- 

pleti. 240. 
Metapo«liuin, 287, 293, 297. 
Metasonia, 299. 307. 

Metastonia, of Lobster, 216 ; of Euryp- 

terida, 210, 211. 
Metathorax, 234. 
M icroconchxut, 188. 
M icrolestes, 559, 560. 
MUiola, 51. 
Miliolida, 54. 
Milleparidee, 134. 
Millipedes, 230, 232. 
Mites, 221. 
Mitra, 294. 
Modeen'a, 97. 
Modiola, 284. 
Mole, 474, 477, 483, 

Mollwtea, 14 ; general characters of, 253- 
257; digestive system of, 253; circula- 
tory system of, 264 ; respiratory organs 
of, 254 ; nervous system of, 255 ; senso- 
organs of, 256 ; reproduction of, 255 ; 
shell of, 255-257 ; divisions of, 2-57 ; dis- 
tribution of, in time, 275, 312. 

Mollmca Proper, 257 ; characters of, 278 ; 
divisions of, 278 ; distribution of, in time, 
U2. 

Mofluftcoida. 257 ; characters and divisions 
of, 258 ; distribution of, in space, 275 ; 
in time, 276. 

Monads, 35, 36. 

Monitor, 41L 

Monkeys, 475, 4j^ 482^ 433. 
Monodelphia, 485. 
Monodon, 511. 
Monoimrosomata, 224, 225. 
Monomyaria, 283. 
MonoHtega, 54. 
3Ionothalamia, 52. 

MonotremcUa, 473, 474, 432. 4M* 485. 486: 
general characters of, 4S2 ; distribution 
of, in space, 4fiQ ; in time, fiiiO. 

Mopsca, 133. 

Morphology, 11. 

Morse, 522. 

Mosmaurus, 413. 

Moschidoe, 520^ 522» 

Motfchuit, 522. 

Motacillince, 462. 

Mother-of-pearl, 256. 

Moths, 247. 

Mud-fish, 375. 

Mugilidof, 363. 

Miilleria, 284. 

Multivalve shell.s, 256, 286, 290. 
Murchimnia, 296. 
Murez, 294. 
Muricida, 291, 294. 
Murid<x, 544^ 615^ 



Mm, 515. 
Musca, 247. 

Mw>cicapid<e, IfiL 
Musk-deer, 520, iiiL 
Musk-ox, 526. 
Mustela, 536 
M list el idee, 53fi. 
Mutilata, £03. . 
30/c(, 283, 286. 
Myacidoe, 284, 285. 
Mycetes, 553. 
Mylodon, 563^ 5fi2. 
3lyochama, 285. 
Myoden, 545. 
Myopotamtm, 543. 
Myoxidfe, 545. 
Mynxtis, Mh. 

ilyriajmda, 191 ; general characters of. 

230 ; development of, 231 ; distribution 

of, in time, 232. 
Mynm'cobius, 405. 406. 
Mynnecophaga, 479, 5fiL 
Mynnecophagida:, 601. 
JKtfnmleu, 244. 
Mi/tilidw, 283, 284. 
Myttlujf, 284. 
ityxine, 356, 23L 
MyxinidtK, Mfij. 
Myxinoids, 352^ 35lL 

Nacreous shells, 256. 
Naididrt>, 182. 183. 
iVaiV, 183, 188. 
JV^aja, 41lfi. 
Narwhal. 510, fill. 
Xassa, 294. 
Nama, 535. 536. 

Natatoreg, 442; general characters of, 

443, 444. 
Nathetett. 413. 
Natica, 294. 
Naticidof, 292, 294. 

NautilidcB, characters of, 309 ; sections 
of, 312; distribution of, in time, 314. 

Nautiloid shells (of Foramini/era), 63, 64. 

nautilus. Paper, 299; shell of, 808; 
Pearly, 299 ; anatomy of, 307."; shell of, 
304. 

Kebalia, 220. 

Nectoralyces, 89 ; structure of, 90 ; in 
Calycophoridce, 90 ; in Medusidoe, 96 ; 
distinguished from the umbrella of 
Lucernarida^ 99. 

Nectosac, 90. 

Needhara, moving filaments of, 302. 
Nematelmia, 168; characters of, 168. 

Nematocysts, 70. 

Xematodn, 158, 168; characters of, 169 ; 

parasitic forms of, 169-171 ; free fonns 

of. 171. 
Npnmtophoros, 87. 
yetnertcn, 167. 

Jieinertida, 159 ; characters of, 167 ; de- 
velopment of, 167. 
Nereidfy, 188. 
Here idea, 186. 
Jiereis, 189. 
yerita, 295. 
Neritina, 2!>5. 
Xcritidcp, 292. 296. 
Norvures, 234. 

Ncuropodium, 179. * 
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Xeuroptera, 244, 252. 
Newts, 386, SSL 
Nidameiital ribbon, 255. 
Noctiluca, 72. 
Nodomria, 52, 53. 
NothosauruM, 418. 
Notidanui, 3filL 
Notochord. 323, 225. 
Notommatina, 175. 
Notonecta, 243. 
Notopodiuin, 179. 
Notomis, 449. 

Nucleohranchiata, 291 (see Heteropoda). 

Nucleolus of Paramoeeium, 67. 

Nucleus of Protozoa, 42; of .<4nuE&a, 47, 
48 ; of Gregarina, 44 ; of Paramcecium, 
67 ; of Vurticella, 69 ; of Eehinoder- 
mata, 145 (see Afadreportfonn tubercle) ; 
of the shell of Afollmca, 256, 2S9. 

Nudibranchiata, 256, 288 ; characters of, 
292 ; divisions of, 296. 

Numenitts, IM. 

Numida, 454. 

Nummulite^, 53, 66, 57. 

Numninlitic Litnestoue, 57. 

Jfycticebidce, 553. 

Nymph, 239. 

Numphon, 225. 

Oftoitw, 275. 

Oceanic Hydrozoa, 89 ; divisions of, 89 ; 
distribution of, in space, 108. 

Ocelli, of Medusae, 97 ; of Echitwidea, 
139; of Ante roidea, 146; of Planarida, 
167 ; of liotifera, 175 ; of Annelida, 
180 ; of Chcelognatha, 189 ; of Limulujt, 
209; of .4 rac^mdfl, 224 ; of Myriapoda, 
231 ; of Imecta, 238 ; of Twn/cata, 255, 
268 ; of Lamellibranchiata, 255. 

Octopoda, 305, 311. 

Octopodidce, 305. 

Oc«o»u«, 302, 303, 311. 

OcuUnidce, 134. 

OdontagpU, SiilL 

Odontoceti, 505j 509. 

Odontophora, 278. 286. . • 

Odontopliore, 287. 

Oedicmnim, 450. 
^Oldhamia, 108, 276. 

OligochfBta, 182, 188. 

Oiim, 294. 

Ommastrephes, 311. 

Omnivora {U ngulata), 516. 

O/icAuna, 199. 

Oiiehus, 379. 

Omidiadce. 294, 296. 

Oncidium, 296. 

O/n-sctfcs, 213. 

OnychoteuthU, 300, 311. 

Operculata, 294, 296. 

Operculum, of Balanidce, 202 ; of Oaster- 
opoda, 287; of Heteropoda, 293; of 
Pteropoda, 297 ; of Fishes, 344, 312. 

Ophidia, 391; general characters of, 402- 
iQ5; divisions of, 4I1&; distribution of, 
in time, 407. 

Ophidobatrachia, 331. 

Ophiocoma, 167. 

Oi)hioderma, 157. 

Ophiolepis, 147. 

Ophioinorpfia, 3M. 

OpWwra, 147, 145«. 



Ophiuridea, 148. 

Ophiuroidea, 137, 138; general characters 
of, 146 ; families of, 148 ; distribution of, 
in space, 155 ; in time, 157. 

Opisthobranchiata, 291, 292, 296. 

Opisthocoelia {Crocodilia), 416. 

Opossum, 495, 42fi. 

Orang-outang, 5o7. 

Orbitoide8, 57. 

Orbitolitex, 53. 

Orea^ter, 167 

Organ of Bojanus, 273, 282. 
Organ-pipe Coral, 120. 
Organs of the mouth of Insects, 236, 236. 
Omithodelphia, 485^ 4S1L 
Omitkorhynchus, 479^ 482, 485* 489, 420- 
OrfAw. 274. 
Orthiiina, 274. 
Orthocera^, 310, 211, 312, 314. 
Orthoceratidce, 312, 314 
Orthoptcra, 242, 243, 244. 
Orycteropidce, JiJlL 
Orycteroptis, 49S, 5QL 
Oscula, of Sponges, 60, 61 ; of Tape-worm, 
161. 

OsteoUpis, 367, 318. 
Ostraciontidce, SfiS. 

Ostracoda, 198; characters of, 205; dis- 
tribution of, in time, 220. 
Ostracostei, 
Ostrea, 283, 284. 
Ostreidce. 283, 284. 
Ostrich, 451^ 4^ 
Otaria, £33. 

Otter, 53L 
Oudenodon, 419. 

Ovarian vesicles, of Sertularida, 87. 

Ovifms, 526. 

Ot?id<e, 524^ 525. 

Ovipositor, 235, 249. 

Oris, 525. 

OjM*iuw, 294. 

Owls, 464^ M5. 

Oxen, 518^ 52Q^ 525- 

Oxyuris, 170. 

Paehydermata, 511 , 512. 
Paddle-flsh, Siifi. 

PcecUopoda, 209 (see Xiphomra). 
Paguridoe, 217. 
PcUoeaxter, 157. 
Palcechinm, 157. 
Palceocoryne, 108. 
Palceodiscm, 157. 
PalcRophU, 407. 
Palivosponfjia, 64. 
Palwotherium, 515. 5M. 
Palapteryx, 470- 
Pali (Corals), 116. 
Pallial line, 280, 281. 
Pallial sinus, 282. 
Palliobranchiata, 270. 
Pallium {see Mantle). 
Paludicella, 263. 
Paludicellea, 265. 
Paludina, 295, 313. 
Paludinidce, 292, 295. 
Paludomus, 295. 
Palythoa, 117. 
Pamphagus, 49. 
Pangolin. 
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Panopea, 285. 

Panspemiy, 35. , 
Paritopoda, 225. 
Paper Nautilus, 299, 803, 805. 
Papio, 55fi. 
ParadiseidfB, 460. 

Para?M<ectum, 66; structure of, 66, 

rcproductiou of, 67. 
Parapodia, 179. 
Parince, 452. 
Parmacella, 296. 
Parmophorun, 295. 
Parra, liS, 
Parrakeets, 458. 
Parrots, 4iL 

Parthenogenesis. 30-32; of Ostracode 
Crustaceans, 205 ; of Insects, 80-82, 250. 
Passerine Birds (Padres), 458. 
Patagium, 420, 488, 
Patella. 289, 295. 
PatellUke, 292, S9&. 
Pavo, 455. 
PavonincB, 454. 
Peachia, 112, 127. 

Pearly Nautilus, 299, 800, 803, 304, 307. 
Peccary, 517, MflL 
Pecten, 283, 284. 
Pectunculut, 284. 
Pedicellarite, 140. 
Pedicellina, 263. 
Pedicellinea, 265. 
Pediculus, 242. 
Pedipalpi, 227. 
Pelagia, 100, 101, 105. 
Pelagidce, 100, 101 ; structure of genera- 
tive zotiids of, 103. 
Peliax, 405. 
PelicanidcB, 
Pelonaia, 250. 
Pen, of Cuttle-fishes, 803. 
Penguin, 444. 
Penictdus, 199. 
Pennatula, 121. 

PennattUidce, 120, 122, 123 ; distribution 

of, in time, 133. 
Pentacerotidce, 146. 
Pentacrinus, 149, 150. 
PcnfaT/i<?m». 274. 
PefUastoinida, 225. 
Pentatoma, 243. 
Pentremites, 153, 166. 
Perameleg, 495. 
Perchers, 453. 
Percidce, ML 
Perdix, 4.^4. 

Perennibranchiata (Amphibia). 381. 882 

aaa. — ^ — ^ 

Per/orato(ForaOTm\/em),51, 54 ; (Corals), 
118. 

Peiicanlium, of Crwiocca, 191, 197; of 

J\rat/<i7t«, 309. 
Periderm, 87. 
Peridinium, 72. 

Perigastric space, olPolyzoa, 268. 
Periostracum, 257. 
Perijtchoechim'dce, 157, 
Perifisodactyla, 613. 

Peristome, of Vorticella, 68 ; of the shell of 

Gasteropoda, 290. 
Peristomial space of .4 ctmta, 112. 
Peritoneum (T«njcafa). 267. 
Perivisceral space,of Actiixozoa, 110. 
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Petaunts, 4f)5. 
Petraater, 157. 
Petromyzon, 35L 
Petromyzitnidce, 355. 
Petrospongiad.ce, 64. 
Pezophajis, 470. 
1" • Pezopitrince., 4j.S. 
Phacochcerus, 517. 
Pfuenicopteridce, 447. 
Phcenieoptertu, 447. 
Phalacrocorax, 446. 
Phalangers, 4iM, 4a5. 
Phalangul(E, 227. 
Pkalangistidce, 495. 
Pharyngobranchii, 353-355. 
Pharyngognathi, 36:<. 
Pliarynx of Ascidians, 267, 268, 269; of 

Lancolet, .'^.'>4 
Phascolarctos, 424. 
Phascolomys, 492. 
Phascolottierium, 560. 561. 
Phasianidce, 4i4. 
Phojfianus, 454. 
Phea-sant, 4.Vt 
Philine, 296. 
PhillipHa, 220. 
Phoca, 633. 
Phocoma, 510. 
Phocido!, 532. 
Pholadid<g, 256. 286. 
Pluiladomya, 285. 
Photos, 283, 286. 
Phorus, 295. 

Phosphorescence of the Sea, 72. 
Phragmacone, 256 ; of Spirula, 313, 806 ; 

of Beleinnite, 307. 
Phragmoceras, SI 2. 
Phryganeidce, 244. 
Phylactoloemata, 265. 
Phyllidia, 296. 
Phyllidiadas, 292, 296. 
PhylUrrhoe, 296. 
Phyllirrhoidce, 292, 296. 
Phyllocyst, 90. 

Phyllopoda, 198 ; characters of, 207 ; dis- 
tribution of, in time, 220. 
Phyllostoma, M9. 
Phyllostomidce, 548, 549. 
Phyogemmaria, 957^ • 
Physa, 298. 
Physalia, 76, 93. 
Physaliadof, 94. 
Phyncter, 5QQ. 
Physeteridie, 509. 
Physiology, 12. 
Physophora, 93. 

Physophoridce, 89 ; characters of, 92, 93 ; 
tentacles of. 93 ; reproduction of, 93 ; 
distribution of, in space, 108. 
PhysogtomcUa, 360. 
Pieidoe, 457. 
Pigeons, 455. 

Pigment-spot, of Infuaoria, 71 ; of iJofi- 

/ertj, 175. 
Pileolus, 295. 
Pileopgia, 295. 
Pilidium, 167. 
Pinna, 283, 284. 
Pinnigrada, 5^1. 
Pinnipedia, 531. 
Pinnoctoptis, 311, 
Pipe-lish, 3M. 
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Pipidm, aflO. 

Pisces, 337, 838: general characters of, 
340 ; scales of, 340; skeleton of, 341- 
345; limbs of, 345; tail of. SIS ; diges- 
tive system o^ 251 ; respiratory system 
of, 349: heart of, 350; swim-bladder of, 
ail; nervous system of, 252; repro- 
ductive system of, 352 ; orders of, 363- 
ail : distribution of, in time, 3II:3fifl. 

Placenta, 472, 434. 

Placentalia {Mammalia), 

Placodus, 419. 

Placoganoidei, 367, 368, SIS, 

Placoid (scales of Fishes), ML 370. 

Placoidn, 810, 

Plagiaulax, 560, 562. 

Plagiostomi, 37u^ iili ; characters of, 372- 

Planarida, 166, 167, 176. 
Pkinorbis, 289, 296. 
Plantigrada, 681, 634* 
Planula, 101. 

Plastron, 398^ 399. 
Platalead<e. 450. 
Plataniista, 5iL 

Platyelmia, 153, characters of, 159. 
Platyrhina, 552^ 5M. 
Plecotus, 54a. 
Plectognathi, 863. 
PUgicjsauria, 417. 
Plegiomurus, 418. 

Pleura, of Lobster, 194 ; of Trilobite, 209. 
Pleuracanthtis, 380. 

Pleurobrachia, 124; Qtenophores of, 125; 

canal system of, 125, 126 ; development 

of, 127 ; homologies of, 127. 
PleurobraehiadcB, 128. 
Pleurobranchiadce, 292, 296. 
Pleurobranehug, 296. , 
Pleuroneetidee, 862. 373. 
Pleuroneina, 72. 
Pleurotoma, 294. 
Pleurotomaria, 295. 
Pliolophtis, 5M. 
Pliopithecus, fififi. 
Plotus, 446. 
Plough-share bone, 42L 
Pluiiiaater, 167. 
Plumularia, 87. 
Ptuteua, 137, 138. 

Pneumatic filaments of PhysopfiOridcB, 93. 

Pneninatocyst, 92. 

Pneumatophore, 92, 93, 94. 

Pneui/KKlennon, 298. 

Podophthalmata, 198; characters of, 213. 

Podosomaia, 226. 

Podura, 235, 242. 

Polyarthra, 175. 

Polyeatlia, 133. 

Polycystina, 58, 59. 

Polydesmtis, 232. 

Polygastrica (of Ehrenberg), 67. 

Polynoe, 186. 

Polypary, 77, 81. 

Polype, 110. 

Polypide, 259. 260. 

Polvpidom, 77. 

Polypite, 77. 

Polypterm, 367. 

Polystome Infusoria, 71. 

Poh/thalamia (Foraminifera), 52. 

Polytreina, 66. 



Pohjxenia, 97 

Pulyzoa, 253, 254. 255 ; characters of, 258- 
265 ; distinctions fVom Hydrozoa, 258, 
269 ; typical polypide of, 260 ; avicularia 
of, 261 ; lophophore of, 263 ; nervous 
system of, 263 ; digestive system of, 263 ; 
reproduction of, 264 ; statoblasts of, 
264 ; development of, 265 ; relations to 
Tunica<a, 269 ; divisions of, 265 ; orders 
of, 265; distribution of, in space, 275; in 
time. 276. 

Polyzoarium, 268, 269. 

Pontobdella, 188. 

Porainbonitea, 274. 

Porcellanous shells, 256, 

Porcellia, 313. 

Porcupine, SdUL 

Pores of Sponges, 60, 61. 

Porites, 132. 

Poritidce, 134. 

Porpoise, 505. 510. 

Portuguese man-of-war, 76, 89, 93. 

Potamides, 295. 

Poulpe, 302, 305. 

Praya, 91. 

Prayidce, 92. 

Pressirostres, 448, 450. 

Presttcichia, 220. 

Priapulacea, 179. 

Prist is, 374. 

Proboseidea, 484. 4SI ; characters of, 527; 
distribution of, in time, 566, 567. 

Proboscis, of Medusce, 96 ; of Crinoidea, 
149; of Planarida, 167; of J cant Ao- 
cephala, 168 ; of Gephyrea, 178 ; of 
Errantia, 186 ; of Lepidoptera, 236 ; of 
Proboseidea, 521. 

Procellaridce, 445. 

Procalia (Croeodilia), 414. 41 iS. 

Procyon, 535. 

Producta, 275. 

Productidce, 275, 276. 

Proglottis, 160. 

Pro-legs, 249. 

Promeropidae, 462. 

Pro-ostracum, 30t>, 307. 

Propodite, 196. 

Propwlium, 287, 293. 

Proacolex, 161, 162. 

Prosimice, 553. 

Prosobranchiata, 291 ; divisions of, 291, 
294. 

Prosoma, 299, 307, 
Prosoponiscus, 220. 

Prostoraium, of Planarida, 167 ; of An- 

nelides, 180. 
Protaster, 157. 
Proteles, 538. 
Proteolepas, 204. 
Proteus, 336, 385i 320. 
Proteus-animalcule, 47. 
Prothorax, 234. 
Protoplasm, 4. 
Protopodite, 196. 
Protopteri, 215 (see Dipnoi). 
Protomis, 469. 
Protovirgularia, 133. 
Protozoa, 14; general characters of, 42, 

43 ; classification of, 43, 44. 
Pro ventri cuius, of Earthworms, 183 ; of 

Birds, 434. 
Proximal, 77. 
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Pmmmobia, 2S5. 
Pseudembryo, 138. 
Pseudobranchia. 366. 
PseudohKiual system, ISO. 
Pneudo-hearts, 273. 
PseudonavicellsR, 45. 
Pseudopoilia, 43. 46, 48. 
Psemiotfcorpionuice, 227. 
Psitt<icid(e, 457. 
Psolm, 158. 
Psorottpenniag, 46. 
Ptarmigan, 4/)4 
Pteraspii<, 309^ 378. 
Pterichthyg, 368, 378. 
Pteroeeras, 2957 
Pterodaetyles, 419, 1211 
Ptertnnyit, Sifi. 
Pterojndce, /•>4f). 

Pteritpoda, 253, 286; general characters of, 
297, 298; foot of. 297; shell of, 297; di- 
visions of. 298 ; distribution of, in space, 
298 ; in time, 31.S. 

PteroptiJt, r)49. 

Pleromuria, 397; general characters of, 

lliJ ; distribution of. In time, i2Q. 
Pterygotu^, 210, 211. 
Ptilijdictya, 276. 
PtUograpsu*, 106. 
Ptilopora, 276. 
Ptychoceran, 310, 315. 
Pulicidce, 246. 
Pulmogasteropoda, 288, 200. 
Pulmmiaria (Arachnida), 224, 227. 
Pulmonifera (Molluwa), 290, 293, 296. 
Puma, 541. 
Pupa, 239, 240. 
P«pa, 296. 313. 
Pupina, 297. 
Purples, of Wheat, 172. 
Purpura, 294. « 
Pycnngonvm, 225. 
Pygidinm, 208. 
Pyramidella, 295. 
Pyramidellidce, 292, 295. 
Pifrosomida, 270. 
Pyrula, 294. 
Python, 402^ IQfi. 

Qhadrate Bone, ^0, 402. 404. 

Qtiodruinana, 475, 476 ; 478. 4S4. 488: 
characters of, ii^ ; sectious of, 552; dis- 
tribution of, in time, 568. 

Quagga, iiUL 

Rabbit, 642, 542. 
Racoon, 535. 
Jtadiata, 74. 

Badiolaria, 57; characters of, 58, 
Padioliies, 284. 
Jtaia, 22A. 
Jtallida, liS. 
Pallw, 44a. 

Jlamphorhynchus, 419^ 42L 
/?ana, 220. 
Panidoe, 2S1L 

Paptores, 443; characters of, 464: sections 
of, 4f5fi. 

Jtasoreg, 443 ; characters of, 4.53; sections 

of, 453. 
Rastrites, 106. 
Rat, 545. 
Ratel, ^ 



Patitce, 442. 

liays, 370, 373, 374,, 250. 

Red Coral 122, 129. 

Regnum Protustieum, 7. 

Rem-deer, 622, 623, Siifi. 

Reproduction, general phenomena of,23-3S; 
sexual, 23 ; nun-sexual, 24-33. 

Reptilia, 337. 893: general characters of, 
393 397; jaw of, 394; teeth of, 395; cir- 
culation of, 396; respiration of. 397 : 
orders of, 397. 

Respiratory tree, of Holothurians, 154. 

Res|>iratory tubes, of Roti/era, 174. 

Reticulosa, 51, 53 (see Foraminifera). 

RetiolUes, 106. 

Reversed shells, 257. 

Rhabdocoela, 107. 

Rhabdnidea, 54. 

Rhabdopleura, 106, 263. 

Rhamphattidoe, 457. 4fi&. • 

Rhea, 452. 

Rhinoeeridce, 518. SfiiL 
Rhinoceron, 512, 513^ SIL S^ii- 
RhinoUiphidce, 548. 
Rhiiwlophiig, 542. 
Rhizocrmus, 150. 155. 
Rhizophygiadce, 95. 

Rhizopoda, 44 ; characters of, 46 ; pseudo- 
podia of, 46 ; divisions of, 47. 

Rnizusttnna, 104, 105. 

Rhizostomidce, 99; definition of, 101; de- 
velopment of, 101-103; structure of re- 
productive zooi<ls of, 104, 105. 

Rhynchonell i , 274,277. 

Rhynchonellidce, 272, 274. 

Rhynchosaiinm, 419. 

Rhynchota (see Hemiptera). 

Rhytiita, 479, 503, 504. 

Ribbon-worms, 167. 

Rissna, 295. 

Rodentia. 475. 484. 487 ; general characters 
of, 541 ; families of, 543; distribution of, 
in time, iM. 

Rorqual, 622. 

Rot, of Sheep, 165. 

Rotalina, 53. 

Rotatoria, 172 (see Rotifera). 

Rot\fera, 135, 158; general characters of, 
172 ; wheel-organ of, 17.1 ; water- vascular 
system of, 174; masticatory orgaus of, 
173 ; affinities of, 176; vitality of, 5 ; dis- 
tinction.s from Ii\fusoria, 176. 

Round Worms, 169. 

Rugom, 111, 124; characters of, 123 ; dis- 
tribution of, in time. 132; families of, 184. 

Ruminantia, 511. 512; characters of, 517; 
dentition of, 519; stomach of, 518; fa- 
milies of, 520; distribution of, In time, 
5(35. 

Rupicapra, 525. 

Sabella, 184, 188. 
Sagiita, 189. 

Salamanders, 3M. ^3J, &fl2. 
Salamandra, 387, S21L 
Sahnonidee, 361. 
Salpa, 269. 
Saipido!, 270. 
Sand-pipers, 4.'in. 
Sand-worms, 181, 185. 
Sangui^fuga. 181. 182. 
Sarcode, 42 ; characters of, 43. 
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Sarcoids, of Sponges, 61, 64. 
Sarcuptes, 226. 
Sarcorhampns, Ififi, 
Sarsia, 28. 98. 
Sauria, 102. 
Saurillm, 41:^. 

Saurobatrachia, SM (see Urodela). 

Sauropsida, 338, 393. 

Sauropterygia, 4M; general characters 

of. 111 ; distributiou of, in time, 418. 
Saunirce, 441. 443; characters of, 467: 

distribution of, in time, 469. 
Saw-fish, 2jjL 
Saxicava, 286. 
Scalaria, 295. 
Scalpellum, 203. 

Scamores, m; characters of, 1^; fami- 
lies of, 4r>7. 
Scaphites, 312, 314. 
Scaphognathitc, 196. 
Sciiiciaoe, 4111. 
Scincus, 41L 
Scissurella, 295. 
Sciuridce. 545. 
Sciurus, ftXh. 
Sclerenchyma, 115. 

Sclerobasica {Zoantharia). 113 ; divisions 
of, 116. 

Sclerobasic, corallum, 114, 115, 116. 
Sclerodennata (Zoantharia)^ 117 ; divi- 
sions of, 118. 
Sclerodermic, corallum, 114, 115, 116, 117. 
Sclerogenidce, 3iiiL 

Scolecida, 135 ; characters and divisions 

of, 158. 
Scolex, 161, 162. 
Scolites, 188. 
Scolopacidce, 450. 
Scolopendra, 232. 
Sconweridce, 363. 
Scorpion, 221, 222.- 

Scorpionidce, 227; characters of, 227; dis- 
tribution of, in time, 230. 

ScylUea, 296. 

Scyllaridce, 193. 

Scythrops, 457. 

Sea-anemones, 111, 129. 

Sea-cucumbers, 153. 

Seals, 53L 

Sea-mouse, 186, 189. 

Sea slues, 292. 

Sea-spiders, 225. 

Sea-squirts, 8. 

Sea-worms, 177, 181, 185. 

Segmental organs, of Leeches, 182; of 
earth-worm, 183 ; of Errant Annelides, 
186. 

Selackii, 2IQ ; characters of, 

Semtwpithecus, 55fl. 
Sepi4t, 307, 312. 
Sepiadce, 306, 312, 315. 
Sepiostaire, 303, 806. 

Septa, of Corals, 1 15 ; of the shell of Tet- 
rabranchiate Cephalopoda, 309, 310. 

Seriatoi)oridce, 134. 

SerpxUa, 184, 185, 188. 

Sertularida, 79 ; characters of, 86 ; hydro- 
thecae of, 86 ; polypites of, 87 ; reproduc- 
tion of, 87 ; development of, 87 ; distri- 
bution of, in space and time, 107, 108. 

Setae, of Annelides, 179, 183, 184, 186. 

Sharks, 350, 370j 373^ 380. 



Sheat-fishes, SfiL 
Sheep, 518^ 520^ 525. 

Shell, of Brachuipoda, 271 ; of Lamelli' 
branchiata, 279 ; of Gasteropoda, 289 ; 
of Heteropoda, 293 ; of Pteropoda, 297 : 
of Argonauta, 304 ; of Nautiln.8, 304 ; 
of Tetrabranchiate Cephalopods, 309. 

Shrew-mice, 6iHL 

Shrikes, 462. 

Siamang, 55jL 

Sigaretm, 294. 

Suicea (Sponges), 63. 

Siluridce, 2fiL 

Simia, 557. 

Siinosaunis, 418. 

Sinupallialia, 284, 285. 

Siphonia, 65. 

Siphonida, 283, 2S4. 

Siphimophora, 78 ; characters of, 89 ; di- 
visions of, 89. 

Siphonoatomata {Chisteropoda), 290, 291, 
294, 313. 

Siphotwtreta, 275. 

Siphons, of LamelUbranchiata, 281; of 
Gasteropoda, 283. 

Siphuncle, of the shell of Nautilus, 307, 
308, 309 ; of Belemnites, 307 ; of Tetra- 
branchiata, 309; of Nautilidce., 309; of 
Ammonitidce. 310; of Orthoceras, 311. 

Sipuncxdacea, 179. 

SiputicuUndea,' 177. 

SipuncuXus, 178. 

Siredon, 385, 3S1L 

Siren, 385, 395. 

Sirenia, 472, 473, 477, 484, 486 ; charac- 
ters of, 502 ; distribution of, in time, ^M. 
Sirenidce, 2fi3. 
Sitta, lfi2. 

Sivatherium, 524. 565. S6Q. 

Slinwnia, 220. 

Sloth, 472, 48(3, 498, 400. 

Snakes, 397, 402, 403, 404» 405, 4QL 

Solarium, 295. 

Solaster, 146. 

Solecurtus, 285. 

Solen, 285. 

Solenidcp,, 284, 285. 

Soliduiuf ula, 511. 512. 515. 5j35. 

SolipedM (see Solidungula). 

Solitaire, 4.'Sfl. 

Solpugidce, 227. 

Somatic cavity, o( Coelenterata, 74, 75; of 
Hydrozoa, 76; of Hydra, 80; ot Actin- 
ozoa, 109. 

Somatocyst, 89. 

Somite, 190; otCruistacea,\^i; ot Arach- 

nida, 221. 
Sorex, 550. 
Soricidat, 550. 
Soroidea, 54. 
Sparsispongia, 64. 
Spatangidce, 144. 
Spatularia, 368. 

Species, definition of, 19 ; origin of, 37-39. 

Spcmiatophorcs, 302. 

Sperm-whale, 505. 602. . 

Sphceroma, 213. 

Sphceronectidee, 92. 

Sphcerozoum, 59. 

SphagoduJi, .'}79. 

Sphargis, 4QL 

Spheniscidce. 444. 
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Bpicnla, of Spoogea, 00, 03 ; of Radiotaria, 

58, 60: ot Aetinozoa, 115, 121. 
Spider-monkey, 555. 
Spiders, 228, 229, 230. 
Spinaz, 371. 
Spiniferiteg, 66. 

Spinnerets of Spiders, 229 ; of Caterpillars, 

248. 
Spinalis, 298. 
Spiri/er, 274. 
Spinferidat, 274, 276. 
Spirx/erina, 274. 
Spirorfns, 185, 188. 
Spirula, 303. 306, 312. 
Spindidce, 306. 
Spinilirostra, 812. 
Splanchnoskeleton, SOS. 
Spondylus, 284. 

Spongida, 60-65 ; skeleton of, 60 ; sarcoids 
of, 61 ; aquiferous system of, 61 ; re])ro- 
duction of, 62 ; (Classification of, 63 ; dis- 
tribution of, in space. 64 ; in time, 64 ; 
affinities of, 65 ; individuality of, 65. 

Sponf^itla, 47 ; reproduction of, 62, 63 ; 
sarcoids of, 64. 

Spoon-bill, 

Spoon-worm. 177, 178. 
Spores, of Sponges, 63. 
Sporosac, of Corynida, 82. 
Spring-tails, 242. 
Bquaniie, of Aphrodite, 186. 
Squamata (Ileptilia), aJlZL 
Squids, 304. 306. 
Squilla, 214. 
Squirrel, 545. 
StafiK^rs, of Sheep. 163. 
Statoblasts, 20, 264. 
Stauridce, 134. 
Stauridia, 84. 
Steganodictyum, 65. 

Steganophthalmata (Xedmoe), 96, 101, 
105. 

Stem-muscle, of Vnrticella, 68. 
Stemmata (see Ocelli). 
Steruuter, 157. 
Steneosaurus, 
sunt or, 9, 70, 71. 
Stephanoceros, 173, 175. 
Stephanomiadce. 94. 
Sterelmintha, 165. 
Stereognathus, 560. fifli- 
Stemaspis, 178. 
StenioptixiTKe, SfiL 

Stenmm, of Crustacea, 194 : of Arach- 
nida, 221 ; of Chelonia, 392 ; of ves, 
42a; o{ Mammalia, HA. 

Stichostega, 64. 

Stigmata, ol Phynophoridce, 93 ; of Leeches, 
182; o{ Arachnida, 224; of Inseeta, 238. 

Stolon8,of i''oraTn»n(/er«. 52; of composite 
Aetinozoa, 118; of social Tunicata, 255. 

Stomapoda, 1P8; characters of, 214; dis- 
tribution of, in time, 220. 

Stomatodendi-a, 104. 

Stork, iML 

Strepsiptera, 251. 

Slrepsirhina, 552, 551, 

Streptospondyltu, 415. 

StrigidcB, iM. 

Stringoeephaltts. 274. 

Strobila, of Rhizostomidce, 102 ; of Tceni- 
ada, 162. 



Stromhida, 255, 291, 294. 
Stromhxis, 294. 
Strophalosia, 275. 
Strophom>ena, 274. 
Strophomenidie, 274, 276. 
Struthio, 452. 
Struthonidce, 451. 
Sturgeon, 367. iiiiS. 
Sturinnidfe, 3tkS. ^ilS. 
Stumidce, 460, 4M. 
Stylops, 260. 
Sub-oraehiata, 362. 
Sub-kingdoms, 14. 
Suchosannis, 415. 
Suctoria (Infusoria), 66, 71. 
Suida, 6l6i Sfifi. 
446. 

Surinam Toad, 2M^ 
5tM. 51L 

Suspeeta (Ophidia), 4M. 
Swallow, 4ffiL 

Swarm-spores, of Sponges, 63. 
Swifto, 4da. 

Swim-bladder, of Fishes, 351. 
Swimiuerets, of Lobster, 195, 196, 216. 

Swimming-bells, !H). 
Sylviadce, 4rtL 4fiiL 
Synapta, 155. 
Synapticulre, 118. 
Synaptido!, 153, 155. 
Syndacttjli, 4SS. 
Syndendrium, 104. 
Syngnathidce, 364. 
Synru:, 178. 

Tahanidce, 247. 
Tabulae, of Corals, 117. 
Tabulata, 118, 133. 
Tachypeten, 446. 
rcpnw, 160, 161, 162, 163, 164. 
Tceniada, tk$ I .characters and develop- 
ment of, iLf-liUt- 
TalUrus, 212: 
Ta/pa. 550. 
Ta/pidcB, 65fl. 
Tank-worms, 171. 
Tantalinas, 449. 

Tape-worm. 159, 160, 161, 162, 163, 164. 
Tapir, 513^ 514. 
Tapiridce, 514. 
Tardigrada, 224, 225. 
Teetibranchiata, 292, 296. 
Teleomurm, 41.4- 

Teleosiei, cliaracters of, 357-300 ; sub- 
divisions of, 360-364 ; distribution of, in 
time, 373. 230. 

Tellina, 285. 

Tetlinidte, 286. 

Telson, of Crustacea, 192 ; of Lobster, 104 ; 
of Limulus, 209 ; of Scorpion, 227. 

Tentacles, of Hydra, 80; of Calycophorida^^ 
90 ; of Phy8ophvrid<e, 93 ; oi MedusidaSt 
96 ; of Hydra-tuba, 101 ; of Actinia, 
112; of Alcyonaria, 119; of Pleuro- 
brachia, 125 ; of Holothuroiden , 154 : of 
Polyzoa, 258, 262; of Tunicata, 267; 
of Cuttle-fishes, 300, 806. 

Tentaculites, 188, 313. 

Tenthredinido!, 249, 

Tenuirostreg, 4ti0^ 452.. 

Terebella, 185 ; development of, 184. 

Trebratella, 274. 
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Terebratula, 256, 272, 273, 274. 
Terebratulidce, 274, 277. 
Terebratulirui, 274. 
Teredo, 2S6. 

Tergiitn, of the exoskeletou of Crustacea, 

194: of A rachnida, 221. 
Terricola, 182 (see Oligrtchceta). 
Termites, 244 ; comimmities of, 245. 
Test, of Foraminifera, 50, 51 ; of Eehin- 

oidea, 138, 142 ; of Tunicata, 266. 
Testacella, 256. 296. 
Tegtudinidce, IQL 
Testudo, iOL 

Tetrabranchiata (Cephalopoda), 804; 

characters of, 807 ; divisions of, 309 ; 

distribution of. in time, 314. 
Tetranychus, 226. 
Tetrao, 4M. 
Tetraonidce, 4M. 
TexUhidae, 306, 311, 315. 
Thalassarctos, 5H5. 
Thalassemacea, 179. 
Thaiaggicolla, 69, 60. 
Thalassicollida, 59. 
Theca, 298, 313. 

Theca, of sclerodemiic corallum, 115. 

Theeaphora, 86, 88. 

Theeidid<B, 274. 

Thecidium, 274. 

Thecodont ia, 41 S 

Thecodontomurm, 

Theeosmnata, 298. 

Thelyphonidoe, 228 

Therionwrpha, SSI (see Jnoura). 

TAoractca (Cirripedia), 198, 203. 

Thread-cells. 76. 

Thread-worms, 169, 170. 

Thylacinug, 42L 

Ihylacoleo, 

Thysanura, 242. 

Ticks, 225. 226. 

Tiger, 531, 5iL 

Tipula, 247. 

Toad, aaiL 

Tongue, of Insects, 236 ; of Gasteropoda, 
287 : of Cephalopoda, 300 ; of Fishes, 
aii; of Snakes, IM; of Lizards, 4M; 
of Crocodile, 414; of Birds, 433^ 434, 
440. 

Tornatella. 296. 

TomateUido!, 292, 296. 

Torpedo, 214. 

Tortoise Encrinlte, 156. 

Tortoises, 394^ 895^ 897, 40L 4112. 

Tortrix, 102. 

T otipaimatce, 4_liL 

ToucAn, 457^ liifi. 

Toitoctfra*, 310. 

Tozodon, 423. 

Tracheae, 223 ; of .<4ra«Anu2a, 223 ; of 

Myrinpoda, 231 ; of Irmccta, 238. 
Trachtaria {Arachnida), 224. 
Trachydeitna, 188. 
Tra^hynema, 98. 
Trachynemidce, 98. 
Transformation, 33. 
Trematui, 275. 

Trematoda, 168 ; general characters of, 
164, 165 ; development of, 164 ; habitat 
of, 164. 

Tremoctopus, 811 ; reprodoction of, 302. 
Triarthra, 176. 



Triehecidat, 532i 533. 

Trichina, 170. 

Trichocysts, 71. 

Trieonodon, 560^ &fi2. 

7Vida(ma, 286. 

Tridacnidce, 284. 

Trigonia, 284. 

Trinoniadce, 283, 284. 

Triiobita, 198, 2ii7 ; structure of the crust 

of. 208 ; distribution of, in time, 220. 
Tringidce, 45iQL 
Trionycidce, 401j 402. 
Trionyx, 401. 

Trv/on {Molltuca), 294 ; (ilm|)fti6ia), SSL 

Tritonia, 296. 

Tritoniadce, 292, 296. 

Trochilidce, 462. 

Trochoceras, 310, 312. 

Trochoid sliell, of f^womini/Icra, 53 ; of 
Oustert/poda, 289. 

Troehtis, 296. 

Troglodytes, 462, 557. 

3Vo<7o«tA«n*UT»i, S!l8 

Trophi, of Insects, 235, 236. 

Trophosome, 78. 

Truncated Shells, 257. 

Tube-feet of fcAtntM, 141; of Asteroidea, 
145 ; of Ophiuroidea, 147 ; of Crinoidea, 
149; of Holothuroidea, 153. 

TudicoZa, 181 ; characters of, 184 ; deve- 
lopment of, 184; distribution of, in time, 
188 

Tub^ex, 183, 188. 
Tubtporidai, 120, 124. 
7H*&t<^aria, 81, 85. 
Titbularida, 81 (see Corynida). 
Tubulosa, 118, 134. 

Tunica to, 264, 265 ; characters of, 265 ; 
respiratory process of, 268 ; circulation 
of, 268 ; reproduction of, 268 ; homolo- 
gies of. 269 ; divisions of, 270; distribu- 
tion of, in space, 276 ; in time, 276. 

Tunics, of Ascidians, 266. 

Turbellaria, 158; characters of, 166; di- 
visions of, 166. 

Turbinated Shells, 289. 

Turbinid(r, 292, 296. 

Turbo, 295. 

Turkey. 454. 

Turrilites, 310, 311, 312, 315. 
Turritella, 291, 295. 
Turritellidce, 292, 295. 
Turtles, 398, 4ilL 
Tylenchws, 171. 
Tylodina, 296. 
Type, raorphologicAl, 14. 

Umbilicated shell of Gasteropoda, 290. 
Umbo, 25K, 279. 
Umbrella, 296. 

Umbrella of Lticernarida, 99. 
Ungulata, 484. 4fil: characters of, 611-^13 ; 

divisions of, 613-626; distribution of, In 

time, r.tu-'irtfl. 
Unio, 284. 
Unionidce, 283, 284. 
Univalve Shells, 256, 286, 289. 
Upupidas, 462. 
Uria, 446. 
UrasUr, 146. 
UmaUlla, 203. 
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Urodfla, 882; characters of, 384. 
Ursidce, 634. 
Ursiig, 535, 563. 
Urus, 506. 

Vacuoles, of Protozoa, 47, 48 ; of Infu- 
soria, 67, 70. 
Vaginicnla, 70, 71. 
Vagimdus, 296. 
V^cUkeria, 262. 
Valvata, 295, 313. 
Varanidce, 41L 
Varanus, 411. 
Varices, 290. 

Veil, of gonophores, 83 ; of nectocalycea, 
90 ; of naked-eyed Medusa, 96. 

Velella, 94. 

VeleUidoi, 05. 

Venentisa {Ophidia), 406. 

Veneridce, 284, 285; distribution of, in 
time, 313. 

Vemrxtpis. 285. 

Ventriculites, 64. 

FcntM, 285. 

Venus' girdle, 128. 

Vermes, 135. 

Vermetm, 289, 295 

Verrucidce, 193, 203 ; distribution of, in 
time, 219. 

Vertebra, structure of, 327-329. 

Vertebrata, 323: general characters of, 
a2iMI ; skeleton of, 327-332 ; digestive 
system of, S^ii ; blood of, 334 ; respira- 
tion of, 335; nervous system of, 336 : 
reproduction of, 337; development of, 
324 ; divisions of, 332. 

Vesicle, contractile, of Protozoa, 43; of 
Amoeba, 48 ; of Paramaecium, 6ii ; of 
Epistylis, 70. 

Vesicles, of Medusce, 96, 97. 

Vespidce, 250. 

Vespertilio, 548. 

Vespertilionidee, 518. 

Vibracula, 261. 

Vibrios, 35, 36. 

Viperina^ 405. 402. 

Virgulana, 121. 

Visceral arches, of the embryo of Verte- 
brates, 326. 
Vitrea (Sponges), 63. 
Viverra, 587. 



Viverridat, 636^ ML 
Vogtia, 90. 
Voluta, 294. 
Volutidce, 291, 294. 

Vortieella,66; structorie of, 68 ; reproduc- 
tion of, 69. 
Vorticlava, 81. 
Ft/ipe*. 532. 
Vulturidce, 465, IGtL 

Wah, 535. 

Waldheimia, 274. . 
Walrus, 631, 632. ^ 
Warblers, 461. 
Wasps, 249, 250. 
Water-hen, 448. 

Water-vascular system, of Annuloida,li5; 
of Eehinoidea, 141 ; of Asteroidea, 145; 
of Ophiuroidea, 147 ; of Crinoidea, 151 ; 
of IIolothurnid«a, 154 ; of Scolecida, 
168; of Taeniada, 159; of Treinatoda, 
164; of Turbellaria, 166; of .4 cant Ao- 
cephala, 168 ; of Neinatoda, 169 ; of 
Rotifera, 174. 

Weasel, 536. 

irc6«<€ri<i, 133. 

Whales, 472, 473^ 476, 419, 483, 504^ 505. 

W^olverine, 5:ltj 

Wombat, 492^ 423. 

Wood-pecker, 45L 

Wrasse, 363 

Wry-neck, 

Xanthidia, 65. 

Xiphoaura, 198; characters of, 209; dis- 
tribution of, in titiie, 220. 
Xylobius, 233. 
Xylophaga, 286. 

Zebra, 515. 
Zeualodon, 664. 
Ziphius, 564. 

Zoantharia, 111 ; Malacodermata, 111, 129, 
133 ; Sclerobasica, 118, 183 ; Scleroder- 
mata, 117, 124, 133. 

Zoanthidce, 113. 

Zoanthus, 113. 

Zo«a, 218. 

Zonites, 313. 

ZoOid, 78. 

Zoology, dednition of, 1. 
Zootoca, 411. 



THE END. 
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